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Introduction

THE SPONTANEOUS arrest of hemorrhage or spnnuneous
15 20 imp chapter of & is, for 1t is the
presequisite of the maintenance of bleod 1n the otganism.

Up until now, this phenomenon has been studied in an an-
alytical way. Thus many facts have been discovered concerning
the matn factors leading to the end of bleeding, i e, coagulation
of the blood, formation of a white thrombus at the mouth of
vascular wounds, and contraction of the injured arteries or
vems. But the respective role of these factors in the arrest of
hemorthage and their mechanism are still imperfectly known,

Out special purpose here 1s to give a general view of spon-
taneous hemostasis studied in 1ts component patts, but maialy
as 2 whole.

Such 2 study is now possible. Previously, the techmqus for
measuring the length of k 1 were
Therefore, the bleeding time—ie., the time required for a
hemorthage to cease after a stab or cut wound of the skin—
had been considered for many years highly variable and of little
scientific interest. In order to be a statistically reliable test of an
experimental animal or man, bleeding time must be what we
call the “mean bleeding time,” ie., the average value of a suf-
ﬁumt number of individual bleeding times measured under

diti Under these cond we have found
the mean bleeding time to be constant in a given subject.

This led us to the statistical method for studying the arrest
of hemorrhage, the tesults of which are presented here If the
mean bleeding time has been measured at one ear and if its
statistical variability is known, then the action of 2 physiological,
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vi Arrest of Bleeding

pathological or pharmacological factor on spontaneous hemo-
stasis will sesult in the modification of the mean bleeding time
measured at the other ear. This would be a valid test for the
action of this factor on the bleeding time, provided the agent
to be tested was the only one to have acted oa the organism be-
tween the two series of determinations.,

The present monogeaph is especially devoted to the facts dis-
covered with the 2id of this new statistical method.
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pathological or pharmacological factor on spontaneous hemo-
stasis will cesult in the modification of the mean bleeding time
measuted at the other ear, This would be a valid test for the
action of this factor on the bieeding time, provided the agent
to be tested was the only one to have acted on the organism be-
tween the two series of determinations.

The present monograph is especially devoted to the facts dis-
covered with the aid of this new statistical method.
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The Analytical Study of Spontancous
Hemostasis

As ALREADY stated, effective spontancous hemostasis is une
doubtedly achieved by the combined action of at least three
P 1) the £ ion of 2 white thrombus at the mouth
of vasoular wounds; (2) the coagulanion of the blood, (3) the
contraction of injured artesies and veins. The participation of
other factors such a3 clot retraction o syneresis and possible
vasoconstricting propertses of platelet extracts 15 almost enturely
speculative and lacks sufficient expenmental evidence, There-
fore, these factors will not be considered here.

THROMBUS FORMATION

When a minute vessel is qut, bleedmyp 11 usually :topped
not by coagulation, but by the f of a white th
This white thrombus, also called hemostatic plug, results from
the agglutination of the platelets to each other and to the wound
of the vascular wall The temoval of the platelet plug causes 2
renewed bleeding  ‘The role of the platelets in stanching a
wound has therefore been considered an essential one It was
asserted that a sufficient decrease in the platelet count always
results in a prolonged bleeding tune

Let us go 1nto more detatl about some of these pomts,

By means of snapshots and moving pictures, it has been

blished that blood g out of a cut attery
ot vein immediately abandons phtclets to the lips of the
wound.t 2 3 ¢ Thus inttuates a platelet plug developing not in-
131
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Figure 1 Structure closing a vascwlar wound  Discrepancy berween
the artests of bleeding at both ends of a transected artery
AP proumal end of the transected mesenteric artery (notice the
moniliform vasoconstricnion), B blund sull streamung ont of this
end, HP  hemostats plug baving dosed the distal end of the astery
(AD 3 2 min 36 sec after the cuttmg, V  the cotresponding vein
This snapshot has been taken at the 10th mn of the hemorthage
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side the vessel, but in the direction of the stream, at last sealing
the itrjured vessel not in the manner of 2 bottle closed by 2 cork,
but by a capsule (see Fig. 1}. The presence of fibrin strands as
well as white and red cells in the hemostatic plug is not an eatly
Process nor 2 necessary one to stop the bleeding,

In the beginning, the whole platelet plug or parts of it are
often catried away by the blood stream, but as soon 25 the plog
or a part of it is removed, its teconstruction begins again. Al-
though the presence of fibrin in the hemostatic plug has failed
to be proved, the firmness of the latter is reduced if there is &
decrease of blood cosgulabilsty. Then the plug is less adherent
or alfows the blood escaping from the vessel to run through
channels inside it for a much longer time,

The mechanism of platetet adherence to the injured vessel
wall as well as to any “wettable” foreign surface is stil} puz-
zling,

It depends upon a modification of these surfaces by plasma
{or serum) proteins. Thss b is identical to the
modificatzon of the surfaces of foreign bodses which leads to
phagocytoss. These changes depend upon the presence in the
plasma (or in the serum) of proteins which are destroped at
56°C and have been called “'natural opsonins™ by the bacteri-
ologasts who studred phagocytosts. That is the zeason why we
also tetm “opsonization” the modification of a surface leading
to the clumping of the blood platelets to it.

This “opsonization,” and therefore the adherence of plate-
fets, is prevented by every factor which prevents blood coagula-

tion. Among these factors are low temperatuses, sodium destva-
tives of many organic and morganic acids (sodmun oxalate beiag
mote active than sodium atrate, sodium citeate more than
nitrate and chlonde and these more than tartrate, acetate and
sulfate), cocame chloride, zinc sulfate, novirudin and hepatin® ©
But st has not yet been possible to define by thew physico-chem-
ical properties how 20 opsenized surface differs from 2 non-
opsonized onet
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Figure 1 Structure closing a vascular wound Discrepancy between
the arcests of bleeding at both ends of a transected artery
AP proumal end of the transected mesentenc attery (notice the
moniliform vasoconsteition), B blond snll streaming out of this
end HP hemostatic plug having closed the distal en
(AD) 2 mmn 30 scc after the cutting, V
Thus snapshot has been taken at the 10th mi

d of the artery
the corresponding ven
n of the hemorrhage
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On the other hand, a platelet seems to adhere to foreign
sutfaces by means of a protein film which always surcounds it.
“The nature and rofe of that protein layer are st mysterious.

When capitlaties ace cut, adh of the endothelial cells
0 cach other often occurs and prevents bleeding, If that adhe-
sion fails, capillary hemorthage is then s\upped by & coagula-
t:on of the blocd similar !o that occurging in vatro, b 2.3 ¢

longed bleeding times are not
observed in hcmonlugm dxsma w:th basic plasmatic disorders
such 25 h b etc, On the con-
tracy very pm!mgcd b)tcdmg times are one of the most import+
ant features of many purpunic patrents with normal blood co-
agulation but with & low platelet count or with platelets de-
prived of therr property to clump. Therefore, it has been said
that purpura bemorrhagsea is a platelet disease.

However, this 1s not entirely cotrect fot it is possible to
observe vety low platelet counts without aap hemorrbagic
tendences nos prolonged bieeding tunes, Moreover, in throm-
bocytopenia, as well as s purpura hemorrhagica with 2 normal
platelet count, bosh extremely prolonged and normal bleeding
times kave been recorded stmultaneously but a5 different sttes
of the same organ For mstance, 1 a case of purpura hemor-
sthagia, bleediag tumes measured at the same tune were 49 min
at one place on the right ear and 4 mun. at another place on the
same ear  In another case, these times were 48 mun 30 sec at
the right ear and 3 mun, at the left one {see Fg 2)

This stukng fact praves that profuse hemorrhages i such
cases depend not only on a hicod factor but afso upon a
localized, peripheral, vascular one ®

The existence of this vascular factor 15 also shown by the
study of b under the pe. Using 2 modif
of Chambers' and Zweifach's method, Hugues bas obsecved 1
some cases 2 prompt piling up of platelets at one end erther
proxumal or distal of 4 transected minute mesenteric artery ar
vein, while at the other end of the tams yveaces! thors wae 4
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» 2 90 b 4 .)
L’ LA ¢ - s* e »
® * 4 4w v

Bleeding time n° 1 48 mun 30 sec (night ear).

Qe

Bleeding time n® 2 3 mun (left ear)

Figwe 2 Bleeding times measured at the same tune bue at defferent sitey
(right and left ears) m a case of chrouc purpura hemorthagica
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greatly delayed formation of the hemostatic plug {see Fig. 1),
The size of the aperture at each end was stall identical. There-
foce, thus kind of prolonged bleediag time is apparently due to
 ocated tack of opsonization,

COAGULATION OF THE BLOOD

As pointed out above, the zmcmxoprcxl study of hemostasis
does niot stress an important participation of the blood datting
process in this phenomenon. Nevertheless, the fact that blood
co:gulahon plays a paxt n lhe artest of bleeding is proved by lhc

faliz 20 §
aema. This 5 immedately skcpped f the specific dcfect of the
cotting mechanism 15 corsected.

Although striking advances have followed the numberfess
tesearches devoted fo blood coagulation, the latter 15 sl an
empgms, for many sctive substances 1n this process have not yet
been separated and pucified.

Two diagrammatic representatsons concewved by W. H.
Seegers ® provide 2 summary of the chief factors aching in co-
agulation to which 2 co-factor V {or factor VII) apparently may
be added (sec Fig 3).

Some of the substances partiapating 12 blood clotuing also
play a great role 0 hemostasis  The most important are (1)
fibmogen (dummshed or absent i hypo- xnd Aﬁbxmogen:-
mia); (2) prothrombin (sreduced i hypop 'N
and 3) the Qu:ck s labile factor, Oween's factor V ot Seegers”
plasma Acglobulin {dumnished 1 Ow rtn s disease).

The prol 3 ) time i b hatsa 55 due to the
tack of an ant hemophistse globulin Iargdy concentrated
fraction I and sa fraction 11 plus 111 of the plasma protews. The
nature of thss globulin 1s still unknown, but many mvestigators
beheve that st 1s refated to thromboplastinagen,

The deficiency of the coagulation mechsnism s rarely
caused i man by a crrculatitig antcosgulant, the oatute of which
15 stll ebscure, o exceptional cases {exposure to wnzing
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CLOT FORMATION CLOT REMOVAL
PROTHROMBIN PROFIBRINOLYSIN
Caldum
Thomsoplastin FivrinoKinase
intoitors of | ac-gloduin Intututors of
activation Platelet detvabves aclivation
Other foctars Other factors

Fgriv- THROMBIN  pippy | F1griy FIBRINOLYSIN - FIBRIN
———— ———"—s DERNV-
OGEN  THRoMaIN  CLOT | CLOT fpeiNoLySIN  ATIVES

+ +
ANTITHROMBIN ANTIf1BRINOLYSIN
INACTIVE THROMBIN INACTIVE FIBRINOLYSIN

Figure 3. Dragrammatic representations of the blood clotting process

radiation), the inhibitor of clot formation seems to be heparin, 2
powerful anticoagulant. The latter 15 definitely liberated in dogs
by either anaphylactic shock or njectron of peptone.

Recently, attention has been drawn to the increased facilita-
tion of clot removal by fibrinolysis in the pathogenesis of some
hemorthagic diseases. Certain investigators assert that fibri-
nolysis is distinet from the blood clotting process Others be-
lieve that it is due to a lytic property of thrombun on fibrn,

Anyhow, at the present time, very few experiments have
been catried out to see bow a defect in blood coagulation can

intervene in hemostasss and therefore result in prolonged

hemotrhage.
“The rain facts known about the arrest of bleeding 1 2ll

these h h ders with disturbed clot on are
obtained from clinical information, i.e.: (1) associated with a
prolongcd coagulation of prothrombin time, there is 2 normal
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or only slightly yro{ongcd bleeding time, The hemorchage how-
ever muy stact again after having ceased for 2 time; (2) true
purpuric spots are absent and the tourniquet test 1s negative;
{3) persistent hemotshages genetally follow a shight fnjury and
are found at sites of the body which are exposed to repeated
touches,

‘Thest features characterize many pathological states grouped
under the name of “hemophilic syndtomes” as opposed to
“hemogenic syndromes.” The latter include the hemorrhagic
disorders with {1) normal blood coagulation but prolonged
bleeding times, {2} presence of tue purpnnc spots and often
a positive quet test; (3) and ubi
pessistent hemorthages.

Both syndromes represent what 15 called a “hemostatic
paradox.” ’I'he)r zssbumon feads to complicated hemotrhagic
disorders, the * phils d " which aze

Y

s
often severe and which ble symp of either synd: it

q

VASCULAR CONTRACTION

After two centuries of disagreement, the existence of vas-
cular contractson following the cutting of an arteriale ot of 2
venule has been proved. Apitz,? but chiefly Zucker,? Chen and
Tsat? and Hugues* have observed that this vasocotstriction
can only be seen when it is observed under inadent light, as
opposed to reflected light. These vascular contractions sequire
also, m order to be established in mammals, the nse of the
Chambers’ and Zwesfachs methad »* or of a similar one.t

Such a narrowing of minute vessels cannot be considered as
a result of thewr crushing by the blade of 4 scalpel It does not
depend upon the fall of the blood pressure esther, but 15 due fo
the comtraction of vascular smooth muscle

Thus 15 proved by the following facts (1) the iction
dusappears or decreases after the muscle fibers of the vessef have
been paralysed by certain drugs such as benzene, Mg ions,
futnites, allylsothyocyanate,t (2) the length of the constricted
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CLOT FoRMATION CLOT REMOUAL
PROTHROMBIN FPROFIBRINOLYSIN
Cateiom
Thromboplastin Fdrinokinase
ibiditors of | Acgtourn Intuetors of
VN | pratetet cemvatves actvation
Other factors Other factors

- THROMBIN FIBRINOLYSIN  FIBRIN
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ANTITHROMBIN ANTIfIBRINOLYSIN

INACTIVE THROMBIN INACTIVE FIBRINOLYSIN

Figure 3. Diagrammatic representations of the blood clotting process.

diation)), the shibitor of clot £, seems to be heparin, 2
powerful anticoagulant. The latter 15 defin ly liberated in dogs
by either anaphylactic shock or injection of peptone,

Recently, attention has been drawn to the increased facilita-
tion of clot removal by fibrinolysss in the Pathogenesis of some
hemorrhagic diseases. Certain investigators assert that fibri-
flolysis is disunct from the blood clotting process  Others be-
lieve that it is due to a Iytic Property of thrombin on fibryn

Anyhow, at the present time, very few experiments have
been carried out to see bow a defect 1n blood coagulation can
intervene in hemostasis and therefore result in Pprolonged
hemorshage.

The main facts known about the arrest of bleeding in aj
these b hagic disorders with disturbed clot f tmation ace
obtained from clinical information, ie.. (1) associated with 5

I d ¢ lation or brombin time, there is a nosma)
P 4 8!

4
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15 the speed of the biood flow, chemical properties of the vas-
cular wound, et. remain unchanged.

RECAPITULATION

‘The facts duclosed by the analptical study of spontansous
hemostasis have vadoubtedly proved that:

1, The arest of bleeding through auaute vessels {small
afteries and venules} depends upon the agghitination of blood
phtclets at the mouth of the vascular wound which feads to the

fon of a white th aching as 2 b tic plug;

2. ‘The arrest of fapillary bleeding (1f such bleeding is niot
prevented by adherence of endothelial cells) depends upon 2
blood coagulation;

3 The firmaess of the hemostatic plug which prevents 2
renewed bleeding, depends upon normal blood cosgulability,

4. The wjnsy of a minute vessel {arteriole ar venule) re-
sults (3 Jocalized vasoconstriction, whose pagicipation 111 $pons
taneous hemostasts ts probable

In spite of the importance of the data supporting these con-
clusions, the mechamsm of spontaneous hemostasss was still not
entirely sofved. Is ths phenamenon modified wn patients who
1equize 2 protapt areest of bleeding because of & great oss of
blood® Is the deficrency of such a hemostauic factar in hemor-
thagsc disease sufficient to prolong ndefintely the bleeding of
the patient> Does the admanistration of 2 coagulant or of a vaso-
constoctor always favor spontancous hemostasss?

Up to the present time, answers to such questions weze hypo-
thetical. An atteropt to answer them on an expenimental basis
will be found 1n the followng chapters.
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segment sometimes reaches as much as 1-1,5mm. for a vessel,
the diameter of which is only 40-804; (3) there is a close
relation between the degree of the vascular narrowing and the
richness of the vessel in muscle fibers; (4) the vasoconstriction
occasionally appeats Liform, (5) one would expect after
section, an immediate natrowing of the blood vessel due to the
immediate localized fall of the blood pressure. However, this
does not always take place at once because of the delayed con-
traction of the muscle fibers of the vessel; (6) vascular con-
traction infrequently persists even after hemorthage has stop-
ped.

As vasoconstriction following an injury is more pronounced
if there are more muscle fibers in the vascular wall, then the
natrowing of artetses is greater than that of veins.

As mentioned above, cut capillaries do not generally bleed,
for their walls adhere to each other s do the walls of a fresh
narrow tubber tube which has been cut with shatp scissors, A
similar adherence may occur if the vessel 1s a rather small venule
{diameter less than 30p) cut with blunt scissors.

Do these contractions favor the arrest of bleeding?

In the Rendu-Osler-Weber disease, or hereditary hemor-
rhagic telangiectasi2, which is a disorder characterized by a
scattered dysplasia of the minute vessels, bleeding time s most
frequently prolonged when telangtectastes are cut Its value is
normal in the unaffected areas. The coagulation time, pro-
thrombin time, clot retraction, platelet count and their adhesive-
ness as well as the tournquet test are notmal % 12 Observed
with the help of a capillaroscope (using reflected light), the
difated and distorted munute vessels do not seem to contract
when cut.1?

Therefore, vasoconstriction seems 4 necessary part of hemo-
stasis, It was logical to suppose that all other factors being
equal, the closute of a vasculzr wound would be quicker +f a
vasoconstriction had reduced the diameter of the aperture. How-

ever, it is not known whether in these conditions such factors
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longed by 2 high pH (i.e. 9). If the temperature of the running
watet is about 40°C, its length is at 2 minimum, The bleeding
time increases if the temperature decreases, specially uader 10°C
and bleeding does not cease at all at temperature about 2°C
(see Fig. 5). This bas practical consequences, for it forbids—
as we shall see later {sec page 51)—the widespread use of
cold (ice bags, icy drinks, etc.} in the treatment of hemoptysis,
hematemesis, et¢.

Other conditions must also be standardized. (1} the rabbit
must be non-anesthetized, gently handled and immobilized;
(2) its cas previously shaved and fixed without blood stesis;
(3) bleeding time measured from the time of cutting until the
moment when the hetmorthage has stopped bleeding for 30
sec,; efe.

UKE'S

According to thc orginat Duke technique, bleeding time s
measused at the fobe of the ear after it has been cut with 2 sharp
scalpel. Every 15 mun, blood escaping from the vessels is
blotted with filter paper in such 2 way 25 not to fouch the
wound.

In order to increase the number of measurements, incisions
are tepeated twice at the lobe and three times at the helix of
each ear, as shown in Figure 6.

BLEEDING TIME IN MAN BY A MODIFICATION OF
TECHNIQUE 3*

INGKEES” TE!

Instead of cutting of stabbing the ear skin, Dishoek and
Jongkees praposed to smutate an open wound. Thesefore, they
pressed the ear Jobe against 2 thin steel plate with 2 asoalar
opentag 4mm, in diameter  Then they cut off with a razor blade
the small parct of the Jobe protruding through thus hole. The
plate 15 removed and the blood is sucked away every 15 min.
by means of a Slter paper (or cotton wool) without the wound
being touched.

BLEEDING TIME IN MAN BY DISHOEK'S AND
JONI TECHNIQUE



2.
Techniques and Methods

There axe many procedures for measuring the bleeding time.
Three ways in which these techniques can differ are: (1) the
instrument used for cutting or stabbing; (2) the way to avoid
the persistence of blood on the wound so as to observe the end
of the hemorshage easily, (3) the organ which is injured.

Three among these procedures were chosen for the research
presented here.

BLEEDING TIME IN THE RABBIT MEASURED UNDER
RUNNING WATER 13

In 2 first step, the minute vessels uniting the central and
petipheral vessels of 2 rabbit's ear are cut with a sharp scalpel
in 4mm, lengths, by groups of 5, m 4 definite areas (sce Fig. 4).

After the cutting, the hemorthage s observed under neutral
mnning water (pH 6,8—7) at constant temperatures (2bout
28°C}. These points ate vety important for bleeding time
vaties with them, It 15 shortened by a low pH (i.e. 5) 2nd pro-

Figure 4 Areas where skin and underlying vessels were cut 1n
order to measure bleeding times under running water in the
rabbait

[z}



Technigues and Methods 15

[
2
3
&
5
Figute 6. Areas

where skin and
underlying vessels
were cut in order
to measure bleed-
ing times by
means of modified
Duke's technique
19 man.

ear, we shall see that there is a close correlation between the
“mean bleeding times” of the rght and left eats in every sub-
ject. The same close correlation has been observed between the
mean bleeding times of both ears after 20 bleeding times have
been measured at each ear under running water 1 the rabbat, or
three at each ear by Dishoek’s and Jongkees' technique in man
(see Fig. 7).

Thus the mean bleeding time (ie., the average value of 2
statustically sufficsent number of 1ndividual bleeding times meas-
ured in an experimental animal or in a man under standardized
conditions) is nearly the same at each ear, provided that no
factor had acted on the organism between the two series of
determinations,

METHODS FOR SWDYIIAXSG SPONTANEOUS
1S

In order to study the action of hemostatic agents, some in-
veshigators have compared the mezn bleeding time of one group
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$50°

40°

30°

20°

10°

o' 5’ 10’ 15° 20" 257 30

Figure 5 Bleeding and clotting times at different temperatures

To use Dishoek’s and Jongkees' technique, Duesberg de-
vised a forceps which may be employed i this method. With
the help of this forceps, he successively measured three bleed-
ing times at the lobe of each ear %

INDIVIDUAL AND MEAN BLEEDING TIMES

M d under these condif , 4 single bleed; time
(which we therefore call the “individual bleeding time”) 1s
very vatiable indeed, even m normal subjects For 1nstance, in
a healthy rabbit normal indwvidual bleeding times may range
from 20 sec, to 9 min, 1n 2 normal man, from 30 sec to 4 min.
30 sec. (measured by modified Duke's technique), from 1 min
to 5 min. 30 sec. {measured by Dishoek’s and Jongkees’
technique).

Let us measure 1n 50 men, five bleeding times for each
ear by modified Duke’s technique. Then, having calculated the
average values of the indi idual bl times ot d at each
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cause of this statistical inconsistency, 1t could not be used for the
experimental study of spontaneous hemostasis 17

Consequently, the method chosen for the researches pre-
sented here, has compared the control mean bleeding times and
the modsfied ones 1n the same subjects 1f the modified (or ex-
petimental) mean bleeding time varies from the control by 2
factor of plus or munus 2,5 x the standard deviation, the dif-
fetence 15 considered a significant one. This method led us to
accurate tesults with the least expense of time and antmals.

This was especially due to the use of certain “crteria of
rejection,” permitting a selection of the subjects for experimen-
tation and of the results obtamed 1% 1418

The crude results of our experiments and the statsstically
selected ones were in every case simular, but the accurateness of
the latter was much greater, For nstance, the average of 31
mean bleeding times in man decreased from 2 min 6 sec, to
1 min. 46 sec. after they were given 100 pg adrenoxyl. The
use of the criteria of rejection reduced the number of these te-
sults employed from 31 to 21 and both average bleeding times
from 2 mm 6 sec. to 1 min. 50 sec and from 1 min 46 sec. to
1 min 26 sec. But Laplace’s carves corresponding to the crude
results and their standard deviation ate superimposed (see Fig
8). In ths case, the decrease of bleeding times might accur as
a result of chance (1 10). The curves concerning the statistically
selected results were much more dsstinct These results would
be due to chance 1n only 1-400 times.*®

These procedures for measunng bleeding tume and the
statistical methods for studying spontaneous hemostasts are
discussed more fully elsewhere.’3. 1415 18 Tg produce reliable
information, they require trarned investigators, meticulous atten-
tion and a perfect planaing of the expertments in order to pre-
vent unknown factors from interfering between the two series of
determunations  In our optaton, the mportance of the question
deserves such care
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Figure 7 Correlation between mean bleeding tumes of both ears in
50 healthy men (Dishoek’s and Jongkees' technique).
Ordrnater Bleeding times at the left ear, abscssa  Bleeding times at
the right ear

of mice to the mean bleeding time of another group which had
been given some drug, In each animal, only a single bleeding
time was measured at the tail.2®

Such a method seems statistically faulty, because there may
be great differences between two single bleeding times n the
same mouse and even more in two different mice. Moreover, we
have studred the standatd deviation of 350 mean bleeding tumes,
each value representing the average of 20 indwidual bleed-
ing times measuted at one ear in an untreated rabbit. The stand-
thus obtained was much too large. Therefore, be-

1

ard deviation
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The Physiological Study of Spontaneous
Hemostasis
LOCAL VASOCONSTRICTION AND THE ARREST OF
BIEEDING

Tr was posnted out above that a munute vessel contracts when
1t is cut. Is such a constriction useful for the arzest of bleeding?
Experiments carned out on rabbits disclosed that. (1) stimula-
tion of the distal end of a cut sympathetic cham i the neck leads
to an tion of the ponding ear and
toa synchmnuus decrease of the bleeding tine measurcd at the
same ear, (2) on the contrary, suyencr cervical ganghonic

tomy brings forth ipsil dit and pto-
longed mean bleeding time (see F1g.9). This apparently means
shat Jocal vasovonstrichion in a given organ favors spomtaneous
hemostasis for that organ®

ADRENALINE AND MEAN BLEEDING TIME

These facts and the p ! g of adrenal
11 homeostasts rase the qucstmn a5 to whcthct this harmone
also reduces the length of hemorrhage.

A dose of 10-25 pg of adrenaline pales the rabbit's ear and
paradoxially prolongs the bleeding times when it 15 admim-
steted immediately befote the cutting of the vessels 29 (see Fig,
10}

On the other hand, adrenatine is tapidly oxidized and thus
wactivated in the orgamism  Nevertheless, a very small dose
(1 pg) of this amine which 55 unable to produce 2 peneralized

{19}
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Crude results
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Figure 8 Crude and selected results of experiments showing the de-
crease of mean bleeding times by adrenoxyl Dotted curved lines
h befote ad 1 b lines b after adren-

oxyl
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The Physiological Study of Spontaneous
Hemostasis
LOCAL VASOCONSTRICTION AND THE ARREST OF
BLEEDING

Ir was pointed out sbove that a minute vessel contracts when
itis cut. Js such a constriction useful for the arrest of bleeding?
Experiments cartied out on rabbits disclosed that: (1) stimula-
tion of the distal end of a cut sympathetic chain n the neck leads
to an imp iction of the cotresponding ear and
to a synchronous decrease of the bleeding time measured at the
same ear; (2) on the contrary, supcnor cervxcal ganglionic

hectomy brings forth ipsil ion and pro-
long:d mean bleeding tune (sec Fig.9). This apparently means
that local vasoconstrsction in a given organ favors spontaneons
hemostasis for that organ 1

ADRENALINE AND MEAN BLEEDlNG TIME
‘These facts and the physiological e of adrenali
1n homeostasts raise the question as to wh:th:t this hormone

also reduces the length of hemorrhage.

A dose of 10-25 pg of adrenaline pales the rabbit’s ear and
patadoxically prolongs the bleeding times when it 15 admint-
stered immediately before the cutting of the vessels 20 (see Fig.
10)

On the other hand, adrenaline is rapidly oxidized and thus
inactivated tn the organism, Nevertheless, a vety small dose
(1 pg) of thus amine which is unable to produce a generalized

[19]
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Crude results
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Figute 8 Crude and selected results of experiments showing the de-

crease of mean bleeding times by adrenoxyl Dotted curved lines.
s before ad; yl, unbtoken lines h after adren-
oxyt
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Figare 10 The effects of different doses of mtra-
venous adtenahine hydrochlonde on the mean
bleeding time
Precocious effect (1) of 4 imjectsons 10 23 ug of
adrenaline hydrochlorde, each preceding 3 cut-
ungs Then, decreases of the mean bleeding time
successively 15 (2) and 30 (3) min, 1 (4) and
6 (5) hrs after 1 #g of adrenaline hydrochloride
bas been njected

sympathicomimetic tesponse, results 1n a reduced bleeding time,
15, 30, 60 mun and even 6 hrs after its intravenous injection 2
(see Fig 10).
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Figure 9 Effects of local sympathetic stimulation
(1) and of localized ganghiomc sympathectomy
2) on mean bleeding time
As other diagrams of this type ta our monograph,
this one represents by means of black rectangles
the modifications of the mean bleeding time re-
sulting from the actton of various factors De-
pending upon whether they are above or below
the homzontal aws, these rectangles show that
the mean bleeding time 1s prolonged or reduced
by the expenmental factos The height of every
rectangle shows the difference between the control
mean bleeding time and the experimental one ‘The
space between both dotted lines corresponds to
the normal range
Ia the upper diagram, tecgzngle 1 shows the
decrease of the mean bleeding time due to ear
vaspeonsitiction, rectangle 2 the increase due to
vasodilatation.
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Figure 10 The effects of different doses of intra-
venous adrepalioe hydrochlonde on the mean
bleeding time
Precocious effect (1) of 4 njections 10-25 kg of
adrenaline hydrochlonde, each preceding 3 cut
ungs Then, decreases of the mean bleeding tme
soccessively 15 (2) and 30 (3) mun, 1 (4) and
6 (5) brs after 1 ug of adrenaline hydrochlonde
has been iojected

sympathicomimetic response, tesults in a reduced bleeding time,
15, 30, 60 min and even 6 hiss. after its intravenous mjection 2
(see Fig 10)
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The sympathomimetic activity of adrenaline is closely re-
fated to the injected dose. Therefore, it is surptising to observe
that its hemostatic action is not propostional to an increasing
dosage between 0,01 and 104g 2 (see Fig 11).

A number of experiments confirm and explain these para-
doxical observations.

The Hemostatic Action of Oxidation Detivatives of
Adrenaline

Oxidation of adrenaline gives burth to two substances with
the subsequent formation of a blackish precipitate. One of them,
called adrenochrome by Green and Richter and acting as an
orthoquinone, was considered brologically inactive in the course
of recent years. The other, discovered by Bacq and Heirman,
hinders the stimulating activities of the sympathetic system.
However, at 2 dose of 1 ug, both substances greatly reduce the
mean bleeding time. Tius effect may be seen 15, 30 and 60 min.
after their intravenous injection (see Fig. 12).

Such facts suggest that adrenaline favors spontaneous hemo-
stasis only after beng oxidized into adrenochrome or some re-
lated substance.??

+40Tp9 30 10 3 1 g3 of 003 001 0003 QOOY

i 11. The hemostatic action of vanious doses of adrenaline hydro.
Figore chlonide in the rabbit 30 min, after injection.
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Figure 12 The action of adrenakine hy de and its
oxidation denvatives
As in the Figure 14 (cardiazol), 19 and 20, each group of 3 seties of
experiments, corresponding to 3 grouped black rectangles, represents
from the left to the right side the modifications of the mean bleeding
time 15, 30 and 60 min after the drug bas been mjected

We attempted to confitm, or to invalidate, this hypothesss.
‘Thetefore, we devised a critical experiment which compared
the bleeding tmes of three groups of rabbits measured at dif-
ferent intervals respectively before and after the administration
of 1 pgad hy 1 pg adrenaline and 100 pg ephedrine.®

As shown in Figure 13, once the hemorshage has started,
these substances have no effect on its length  But reduced bleed-
ing times wstantly follow the intravenous adminsstration of
adrenochrome On the contrary, a latent period, which 1s longer
for ephedrine, precedes the hemostatic effects of both sympa-
thicomimetic amines

Thus the long-lastmy {, ble action of adrenaline on the
arvest of a future hemorrbage 15 apparensly due o sts oxsdation
to adrenockrome or 10 & closely related substance,
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‘The Mechanism of the Hemostatic Action of Adrenochrome

How does adrenochrome shorten the bleeding time?

When the isolated amphibian heart 24 and rabbit’s ear 2° are
petfused with saline solution, an iterative stimulation of the
corresponding sympathetic netve results in a progressive dis-
appearance of its cardiozccelerator and vasoconstrictor effect.

If adrenochrome or oxidized inactivated adrenaline are
added to the saline solution, this disappeatance of sympathetic
activity cannot be obtained. In case the disappearance has al-
ready occurred, then this addition restores the normal effects of
nerve stimulation. We supposed that the disappearance of these
effects under the conditions just mentioned is due to the con-
sumption of the “mother substance” of sympathin.

Since the hemostatic action of adrenaline is still observed in
a denervated ear, these experiments suggest that adrenochrome
is stored at the endings of adrenergic nerves (Le., either at
Cajal's interstitial meshwork or i muscle fibers) and not m
these nerves themselves. Does it represent there a mother sub-
stance of the adrenergic chemucal transmtter, 2 promediator
which is transformed into sympathin by the vascular cutting and
then causes vasoconstriction? Is the hemostatic action of adreno-
chrome related to sts catalyzing properties? These possibilities
are, up till now, only working hypotheses

HEMORRHAGE AND MEAN BLEEDING TIME
A moderately large hemorrhage causes (1) penpheral vaso-
constriction; (2) an increased circulating platelet count; and
lastly (3) hypercoagulability of the blood. Cannon's homeo-
static theory emphasizes the adaptation of these resp to an
useful end, i.e., an accelerated artest of the bleeding. However,

this is not entirely true.

In spite of these apparently favorable reactions due to an
important discharge of adrenaline, the immediate effect of this
discharge is the lengthening of the bleeding tume. ‘The greater
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Figure 13 The latent penod of the hemostanic actian of ephednne and
adrenaline The abscace of a latent period 1 the case of adrenochrome
myection.
tand 2 The skin was cut tespectively 10 sec and smmediately before
drag sojection, 3 the dmg was wjected immeduaely before the skan
wis Cul, 4,5, 6, 7,8and 9 the bleeding times were measured re-
spectsvely 3,25, 5, 10, 15 2nd 30 mun alter the drug was myected

the hemorthage, the moze prolonged the lattes will be, How-
ever, of convolsions due to & very large hemorhage ocour, the
bleeding time 15 wstantly shastened 19 Bieeding tme 5 alio
reduced after spasms waduced by cardsazol This effect may be
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caused by acid metabolites thereby produced, for a lowering of
the pH decreases the bleeding time.

Thus the first effect of 2 bemorrbage 11 abmost always an in-
creased bleeding time due 10 an adrenalme discharge, but the
secondary effect of this bypersecretion of adrenaline on spontan-
eons b bage 15 usnally f ble. For instance, the bleeding
time measured 15, 30 and 60 minutes after the end of a hemor-
rhage is always shottened #¢ (see Fig. 14).

THE EFFECTS OF ANESTHESIA ON MEAN
BLEEDING TIME

It was asserted that a series of bleedings at one ear causes

the mean bleeding tune measured at the other ear to be

o] Blooaletling C J(«:m;) Cardiazol fit
+80
+80]
440

il | | FW

FF l
-4o'} I

Figure 14 The modificatrons of the mean bleeding tume after blood-
letting (A). non-c ing (B) and ¢ g (C) cardiazol
doses "
ft to right, the black rectangles are related to the modifications
E;ogel;ean b\%ediﬂg time registered immediately (1), 13 (2), 30 (3)
and 60 (4) min after the bloodletting or after the end of dge.cu.duzol
fit on one hand, 15 (1), 30 (2) and 60 (3) mun after the injection of
non-convulstving doses of cardiazol on the other hand.
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shartened. But, 15is 50 called “ post-traumatic shortening of the
bleeding time” does nof veally exist. 1t bas been obserted solely
n anestbetized 1abbits and only because the anesthetic employed
{urethane) producer a ducharge of adrenaline. This is proved
by the effect of an intravenous injection of urethane which first
prolongs the mean bleeding time (4 69 sec.), subsequently
shortening it when measured 43 mia. later {78 sec.), thus
mimicking adrenaline hypersecretion 1n a hemorrhage

Other anesthetics have been tested. Many of them modify
the bleeding time, whereas othess have no effect, as showa by
the following figures (Table 1,%).

Table 1
Aneshenes Variaons of the mean

Bleediny time from the contral
(mormal range > 20 vec )

Immeduately Fardily
Chioralonane % "
19 ¢ v, ~ 14 e — 1 sec
e HRE
2,5 g/Kg i~v + 23 sec. - 61 sec.
Narconumal Roche
2,5 gfKg i~v 4+ 1w 33 sec,
Enpan Bazyu "
3 cg/Rg i~y — 16 sec ~— 70 sec
Ethyl chlotde 423 ¢ ~ 11 sec.
tof ~18 sec =26 sec.
Thcthy} ether + 1 sec + 4 sec
lal + 61 sec. ~— 17 sec.
THE RELATIONSHIP OF HEPARIN V.

CALIBER TO MEAN BLEEDHQEDTH\IE

‘The bieeding e measured by Duke’s method in men gwen
farge doses of beparin is similar to that of hemophiliars, 1e.,
1t 15 only slightly prolonged.

Experiments measutng the effects of hepann on rabbit
bleeding time have an important bearing upon chinicaf problems.

1 The bleeding tumes of these animals are also oaly
shghtly prolonged by heparin if they are measured by the run.
ning water method, for, 1 this method, the ear is perfectly
unmmobilized and the formation of the platelet plug is not im-
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peded by constant movements or touchings (cf., bleeding times
in hemophilia).

2. If the bleeding times are measured in rabbits by a
method similar to that of Duke on man, the ear of the animal
has to be unrolled between two fingers in order to permit the
blotting of the blood. Then 1t cannot be perfectly immobilized
and there are chances that the wound, which 1n this case has a
tendency to open, would come in contact with the filter paper.
Therefore, the bleeding ttme 1s more prolonged by hepatin in
these conditions (4 3 min 34 sec ), than if it is measured by
the runmung water method (- 50 sec ).

If the bleeding time is measured by the running water
method, 1t 1s prolonged by 86 sec. by a given dose of hepann,
and by 60 sec, by the denervation of the ear One would expect
that the lengthening of the bleeding time under the combined
action of both factors would be 60 sec, 4 86 sec. = 146 sec.
However, under these conditions, the increase of the mean
bleeding time is more than 12 min.2®

In another series of researches, we devised many experi-
ments on rabbuts given gelatin, lrquoid and antr-blood platelet
serum,® and thus demonstrated that very long bleeding times,
such as seen in the hemogentc synd tequtre the combined
action of a blood hemotrhagic factor and of 2 vascular one The
above data prove anew the accuracy of our conception.

‘These results may be mterpreted in terms of the Pharmaco-
logical Law of Burgr® This law states that (1) when two
drugs cause the same effect, both acting on the same pharmaco-
logrcal pomnt of application, their combined action stmply leads
to the addition of thert mndividual effects, (2) if thesr action
beats on different pharmacological points of application, their
combined action leads to “suradditive” effects, 1e, a result
greater than the sum of their indsvidual actions.

As proved by our results, this law also concerns pathogenic
factoss. Thus the combined action of a blood factor (hypoco-
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agulabiltty due to heparin} and of a vascular one (vasodila-
tation), each baving a slight individual increasing attion on tbe
bleeding time, leads 10 uncantrollable hemorrbages,

THROMBIN AND THE MEAN BLEEDING TIME

After an operation or wound, smalt quantities of thrombin
probably reach the circulating blood and ate neutralized there
by their combination with thumi b bin).
Does thrombin modify the bleeding time before this neutraliza-
tion occurs?

Expenments on the rabbit show that an intravenous injec-
tion of very small doses of thrombin (22 mg of “thrombine
Roussel,” or 88 pg of thrombin Patke-Davis, or 55 pg of
thrombin Roche per Kg of rabbit) quickly teduces the bleeding
time {— 31 sec, after 1 min ) and has a prolonged effect (— 53
sec. and — 57 sec after 15 and 60 min.) Under these conds-
tions, no thrombi are formed mside the vessels, and intravas-
cular blood clotting or the disappeatance of fibrinogen are not
observed.

‘Therefore, thrombin may be 1njected 1n the rouscles or even
1n the veins as a hemostatic agent, provided the ingected quantuy
is yery small and the rate of myection very slow. With latge
doses of thrombin, severe actidents may occur as was first ob-
served by Mellanby in animals 2

RECAPITULATION
‘The physiological use of the statistical tnethod for studying
h is has disclosed imp facts.

1 Cannon’s views about the maintenance of blood in mam-
malia * are not entirely carrect

If adrenaline sectetion has been enhanced by fear or anger,
it certainly has the effect of shortening bleeding times when they
are measured some time later. Convulsions foliowing a farge
hemorrhage have also the effect of reducing the blesding time,
But one often sees 4 prolonged bieeding time when measured
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immediately after a sudden hemorrhage. This is due to the im-
mediate effect of a hypersecretion of adrenaline.

The “wisdom of the body" may be faulty.... |

2. Such is not the case if thrombin is resotbed from a
wound into the blood, for this enzyme shortens the bleeding
time.

3. Thel tatic action of adtenaline presents pasticular-
ities which raise the question of the role played by adrenochrome
in the chemical transmission of adrenergic nervous impulses to
automatic effectors.

4. Experiments with heparin give new proofs of the fact
that extreme prolongatlon of the bleeding time, such 2s seen in

d ds upon the combined action of
at least two hemorrhagic factors. The first is a vascular one.
“The second is related to disorder of the blood itself, hypocoagul-
ability for mstance.

These experiments also show the importance of mechanical
factors 1n producing uncontrollable bleedings in hemopbhiliacs.
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The Pharmacological Study of Hemostatic
Agents
THE ACTION ON THE MEAN BLEEDING TIME OF
DRUGS ALLEGED TO BE HEMOSTATIC
'VASOCONSTRICTOR substances and drugs shortening the coagu-
tation time were supposed to favor ipso facto the astest of bleed-
ing. In order to mvestigate this problem, the statistical method
for studying spontaneous hemostasis was used and 2 number of
so called hemostatic drugs were tested first on expenmental
animals 28 26:92.34and, some of them, later on men,H: 1333, 38. 21

The Effects of Blood Coagulants on Rabbit Bleeding Time

Among the suk reduaing the ¢ tyme of sup-
posed to have this property, are calaum salts, peptone 5%,
gelatine 10%, the serum dettvative called hemoplastia, the
lung extract cafled clauden, the serum of sensitized amimals
cailed anthema and a spinal cord extract called manetol

The action of manetol on the sabbt bleeding time was found
insignificant  As shown in Figure 15, the former blood coagu-
lants do not seern to favor the arrest of hemorrhage. Same of
them even mmpede spontaneous hemostasis.

Nevertheless, othet blood coagulants do reduce the bleed-
g tine  As mentioned before, this s the case with thrombin
Two types of pectins (sangostop and coaguart}, the platelet ex-
teact which 15 catled cosgulen and the cephalin which is derived
from the latter (see Fig 16) alsa reduce the length of hemor-
rthage,

[ 23]



32 Arrest of Bleeding

Figure 15. The effect on the rabbit mean bleeding time of
different slowly mjected hemostatics supposed to be co-
agulant

From left to right: calaum glucono-galacto-gluconate (1),
Witte's pepton 5% (2), gelatne 10% (3), hemoplastn
(4), clauden (5), anthema (6).

Vasoconstrictor Substances and Rabbit Bleeding Time

In controlled conditions of time and dosage, spontaneous
hemostasis is improved by some drugs supposed to be hemo-
static because of their vasoconstrictor properties. These agents
are adrenalone also called stryphnon, g-hypophamine also called
pitressin and retropituitrin from which the latter is isolated (see
Fig. 17).

However, a dose of two units of pitressin, though having
vasoconstrictor properties, does not soon modify the bleeding
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Figore 16 The effect of the platelet extract called
coagulen and of varows bpoids on rabbit wean blerd-
g tuae
From [eft to nght, modifications of mean bleeding time
45 mun after cazgulen (1), cephaiin extracted from
cosgulen (2), two samples of Jecsthin (3 and 4) have
been sojected

time 1 2 significant way (4 18sec ). This dose of the petudtary
hozmone shortens {~ 40 and — 23 sec ) the hemorthage only
30 2nd 60 mun after being gwven. In 2 similar way, a dose of
6 mg ephedrmne injected tatravenously prolongs {+ 64 sec } the
bleeding time immediately. On the contrary, thss 35 shortened
when measured 30 mun after sts admumstration. {— 30 sec },
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Figure 15. The effect on the rabbit mean bleeding time of
different slowly njected hemostatics supposed to be co-
agulants
From left to right calaum glucono-galacto-gluconate (1),
Witte's pepton 5% (2), gelatine 10% (3), hemoplastin
(4), clauden (5), anthema (6).

Vasoconstrictor Substances and Rabbit Bleeding Time

In controlled conditions of time and dosage, spontaneous
hemostasis is improved by some drugs supposed to be hemo-
static because of their vasoconstrictor properties. These agents
are adrenalone also called stryphnon, g-hypophamne also called
pitressin and retropituitrin from which the latter is isolated (see
Fig 17).

However, a dose of two units of pitressin, though having

vasoconstrictor properties, does not soon modify the bleeding
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A New Hemostatic Agent without Coagulating or
Vasaconstrictor Properties

As pointed out before, ad: i which was idered
biologically inactive, reduces immediately and strongly the
length of hemorrhages but only if it is administered before theit
onset.¥% 2

But adrenochrome 15 rapidly oxidized in vitro and thus in-
activated, In order to prevent this, stable derivatives of adreno~
chrome have bﬁm pupaxeé Among them are its monoxim 2nd
its ts on rabbit showed that
both compounds have 2 stmifar but late hemostatic activity, The
delay of the appearance of this activity depends upon the release
of adrenochrome ftom these molecules.’*

on Man

T ploying the Results Observed in
the Rabbit

Many of these experiments carried out on the rabbit have
been repeated on man  The bleeding times were measured by
the modified Duke’s method and once by the Dishoek's and
Jongkees' proctduxe Thus the statistical method for studying

in man d the h action
of coagulen,® sangostap 1 and stryphnon.®

It proved agan that the bleeding time 1s not favorably
medified after cafcium galacto-gluconate or manetol have been
mjected  However, men given 3 g calcium chlornde per day
for 1-3 days, present a slight decrease 1n the length of their
hemorthages *¢

These experiments also confirmed the } t
of some adrenochrome dervatives and allowed us to chccse
from among them the best for therapeutic use 1n man. Figure
18 shows that this 15 ad h ot
adrenoxy) 15 37
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Therefote, we may conclude that 4 drug does not necessar
favor spontaneons bemostasis even though it 15 a vasoconstrict
or a blood coagulant.

-9¢] .

Figure 17. The effect on the rabbit mean bleeding
time of different hemostatics which are supposed to
be vasoconstrictor ones
Modifications of the mean bleeding time 10 mun after
whole retro-pitwstary gland extract (1), prtressin
(2), pitocin (3) have beea slowly travenously -
jected. Then 1ts moddication, 15 (4) and 30 (5)
min, 1 (6) and 6 (7) his. after adrenalone (or
stryphnon) has been admunistered,
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A New Hemostatic Agent without Coagulating or
Vasoconstrictor Properties

As pointed out before, adrenochrome, which was consideted
biologically inactive, reduces immedately and strongly the
tength of hemorthages but only if it is administered defore their
onset 2% 25

But adrenochrome is rapidly oxidized in witro and thus in-
activated. In order to prevent this, stable detivatives of adreno-
chrome have been prepared, Among them are its monoxim and
its monosemicarbazone. Experiments on rabbit showed that
bath compounds have a similar but late hemostatic activity. The
delay of the appearance of this activity depends upon the release
of adrenochrome from these molecules,®*

P

P on Man Employing the Results Observed in
the Rabbit

Many of these expetiments carried out on the rabbit have
been repeated on man The bleeding times were measured by
the modified Duke’s method and once by the Dishoek’s and
Jongkees' procedure. Thus the statistical method for studying
i h in man confirmed the } action
of coagulen,®® sangostop ! and stryphnon 3

It proved agun that the bleeding time 15 not favorably
modified after calaum galacto-gluconate or manetol have been
injected. However, men given 3 g calcwm chlonde per day
for 1-3 dags, present 2 slight decrease s the length of ther
hemorthages*e

These experiments also confitmed the b prof
of some adrenochrome derivatives and allowed us to choose
from among them the best for therapeutic use ;n man  Figure

18 shows that this is adtenochrome monosemicarbazone or
adrenoxyl1s, 3
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THE ACTION OF SYMPATHOMIMETIC AMINES
NAPHTHOQUINONES, QUINONES AND
SYMPATHOLYTIC SUBSTANCES ON
MEAN BLEEDING TIME

Sympathomimetic Amines

For the most part, small doses of sympathomimetic amunes
shorten the bleeding time measured at the rabbit ear. Only 7
among 52 of them which have been tested, do not favor the
atrest of hemorthage.?® 21 34, 38

An interesting fact has been observed concerning two of the
most important of these active substances. The hemostatic action
of adrenaline is appatently little changed by cocaine and by a
sympathetic denervation of the ear. On the contrary, the action
of ephedrine on the bleeding time s tnhibited or even reversed
by these two factors.

We must mention here a still controversial classification of
the sympathomimetic amines Which divides them nto perfect

+ 5
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Figure 19 The hemostatic action of adrenaline and of ephednne in
the rabbit and their modification by a localized sympathectomy
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THE ACTION OF SYMPATHOMIMETIC AMINES
NAPHTHOQUINONES, QUINONES AND
SYMPATHOLYTIC SUBSTANCES ON
MEAN BLEEDING TIME

Sympathomimetic Amines

For the most part, small doses of sympathomimetic amunes
shorten the bleeding time measured at the rabbit ear. Only 7
among 52 of them which have been tested, do not favor the
arsest of hemorthage 2% 71 3% 33

An nteresting fact has been observed concerning two of the
maost important of these active substances. The hemostatic action
of adrenaline 1s apparently little changed by cocaine and by a
sympathetic denervation of the ear. On the contraty, the action
of ephedrine on the bleeding time 15 intubited of cven tevezsed
by these two Factoss,

We must mention here a stsll controversial classification of
the sympathomimetic amines which divides them into perfect

+20%  Hormat Denerv Normat Denerv.

oo rabbit rabbt robbit rabit
o Adren. Adrea Ephed. £ohed

+ &

+ 2] -

l'l .
o I
~607

NR

Figare 19 The hemostatic action of adsenalioe and of epbednne 1n
the rabiut and their mnds by a focalized
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and imperfect sympathomimetics, The former ate so called be-
cause (1) they accurately reproduce all the effects of stimulation
of the sympathetic nervous system; (2) they act in this way on
embryonic organs which have not yet received theit sympathetic
innervation and on organs denervated by ganglionectomy (sce
Fig. 19); (3) their actron xs sensitized by cocaine (see an
20) and inhibited by erg The imetic amines
having properties opposed to these are classified as imperfect
sympathomimetic amines.

The bass of this classification may be criticized. Neverthe-
less, a phar. Jogteal study of the b ic properties of per-
fect and imperfect sympathomimetic amines confirms the exist-
ence of two such types of sympathomimetic hemostatic agents,
some related to adrenaline (perfect), others 1o ephedrine (im-
perfect).

+69% cocaine | Aden | Cocame | Ephed. | Cocame
440 Adren. Ephed.

:i_l_-.l_ _-_l_l_g

-140f) ]

20. The action of
Figure the xzbbu and their modification by cocaine.

drenaline and of ephedrine in
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‘This is supported by the relationship of certain stmctural
modifications in the molecule of these amines to their hemostatic
properties.?h 3 3 89 For instance, the hemostatic properties of
imperfect sympathomimetic amines are decreased with one hy-
droxyl group (OH) m position para or two hydroxyl groups in
positions pata and meta (see left part of Fig. 21). The opposite
effect is observed in the case of perfect sympathomimetic amines
(see right part of Fig. 21).

Naphthoquinones and Quinones
Othet substances can also reduce the bleeding time. One of
NH,
themm s «-napbibylmine4-sodium sul @
Naso,
2 denvative of Congo red. ‘This was proposed as a hemostatic
ander the name of naphthionine S.N.5.4°
The mean bleeding time is not modified 1 or 5 min. after
S.N'S. has been injected. Its hemostatic action is feeble 15 min.
after injection It reaches its climax 30 and 60 min. after in-
Jection, This delay 1n the action of SN.S is due to dxe tune
necessary for its oxid: in the ism  Such an oxid: is
required for the hemostatic action of SN.S. For oxidzed
]

SN.S. as well as other quinones such as ON' and

o—-P—(om.

as a vitamin K-Like substance, the synkavit 0

IL—(OH 1
immediately reduce the length of hemorrhages.st !
A latent period stmular to those of adrenaline and of SN.S.
also precedes the hemostatic action of neatly all the diphenolic
sympathomimetic amines. This period generally disappears in
2 sumular way by the oxidation of the amines.t?
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and imperfect sympathomimetics, “The former are 5o called be-
cause (1) they accurately reproduce all the effects of stimulation
of the sympathetic nervous system; (2) they act in this way on
embryonic organs which have not yet received their sympathetic
innervation and on organs denervated by panglionectomy (see
Fig. 19); (3) their action is sensitized by cocaine (see Fig.
20) and inhibited by ergotamin, The sympathomimetic amines
having properties opposed to these are classified as imperfect
sympathomimetic ammnes.

The basis of this classification may be criticized. Neverthe-
less, a pharmacological study of the hemostatic properties of per-
fect and imperfect sympathomimetic amines confirms the exist-
ence of two such types of sympathommetic hemostatic agents,
some selated 10 adrenalime (perfect), others to ephedrine (im-
pesfect).
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hydroquinone 41} independent of the production of sympathi
wh:a z vessel is cut? These pownts are slm ccu(mvexml

However, it must be remembered and emphmzcd here that:
(1) local sympathetic stimulation always shottens the hlecdmg
time, (2) the action of adrenahine (perfect sympath
amine) on spontaneous hemostasss is still obscrved afm cocaine
and after ganglionectomy. On the contsary, these factors impair
or even teverse the hemastatic action of ephedrine (imperfect
sympathomimetic amine). Such phenomens are also observed
for many othet functions depending upon the sympathetic nes-
vous system, 1., contraction of the nictitating membrane, blood
pressure, efc.

Sympatholytic Substances

It has been shown that refatively smail doses of certain sub-
tatices umpede the action of adrenaline. However, they do not
intubit the action of a sympathetic stimulation,

On the other hand, active doses of other substances regulatly
impede both the effects of adrenaline snjection and of sym-
pathetic stimufation.

‘The former substances, called adrenolytics, do not madidy
the bleeding time. On the contrary, the latter or sympatholytics
nguhrly pmlong the hemonhages Such are etgotamine,

pal ot SB}F allyh~

hylb ar 95731’. pt
ethane or 407 § L.and hoxy-ph
ord1éf L
These new pbavmaralagtml data are also an addieanal argu-

2

ment n favor of an imp partictp of the
neryous system mn spontancous lzemmtau
RECAPITULATION

The sbove fatts may be summarized 1n a few mam propost-
tons
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Figure 21, ‘rbe nfluence of certain dzznges tn the structural formula
action of amtnes

Each blzck ucungle corresponds to the average of the modifications
of the mean bleeding time observed 13, 30 and 60 min after the intra-

venous injection of a dose of the expenimented amune cotresponding
to adrenaline 1 »g

‘This seems to prove that the hemostatic property of these
various compounds belongs to the quinonic structure.* Has the
Iatter something to do with the postulated transformation of
adrenochrome into sympathun (see page 24)? Or is the action
of adrenochrome and of other quinones as well as of many
phenols [phenol, catechol, hydroquinone, pyrogallol, hydroxy-
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hydroquinone 41 independent of the production of sympathin
when a vessel is cut? These points are still controversial.
Howeve, it must be remembered and emphasized here that:
(1) Jocal sympathetic stimulation always shortens the blecdmg
titme, {2) the action of adrenaline (perfect sy
amine) on spontaneous hemostasts is still observed after cocaine
and after ganglionectomy. On the contrary, these factors impair
or even reverse the hemostatic action of ephedrine (imperfect
sympathomimetic amine). Such phenomena are also observed
for many othet functions depending upon the sympathetic ner-
vous system, i e., contraction of the nictitating membrane, blood
pressure, etc,

Sympatholytic Substances

Tt has been shown that selatively small doses of certain sub-
tances umpede the action of adrenaline. However, they do not
nhubit the action of # sympathetic stimulation,

On the other hand, active doses of othet substances regularly
impede both the effects of adrenaline injection and of sym-
pathetsc stimulation.

The former substances, called adrenolytics, do not modify
the bleeding time  On the contrary, the latter or sympa!.holyncs

xegul:uly p:olong the h hages. Such ate erg
iy di ipal or 883F, allyla-
Ibenzod or 993F, phenoxydimethylamis
ethane or 407 ] L. and o-methoxy-pl y inoett
or416J L4
These new pharmacological data are also an adduional argu-
ment i favor of an 1mp icp of the sympath

nervous system n spontaneous bemonam

RECAPITULATION

‘The above facts may be summarized in a few main proposi-
tions:
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Figure 21 The nfluence of certain chznges in the structural formuls
on action of amtnes
Each black rectangle cotresponds to the average of the modifications
of the mean bleeding time observed 15, 30 and 60 min after the intra-

venous tnjection of a dose of the expersmented amune cotresponding
to adrenaline 1 pg

“This seems to prove that the hemostatic property of these
various compounds belongs to the qumonic structure.#* Has the
latter something to do with the postulated transformation of
adrenochrome o sympathin (see page 24)? Or is the action
of adrenochrome and of ol}xct quintones as well as ol‘ many
phenols [phenol, catecho), q preogallol, hydroxy
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Bleeding Time and the Detection of
Hemorrhagic Diseases

T 1s noT our purpose here to consider the various classifica-
tions of the hemorrhagic diseases and the basis of their diag-
no3is, Bot to see how the bleeding tume behaves w the diffecent
types of bleeders. It 1s to answer the questions: is the blecdmg

time test an wmp one in the d of b h
diseases” What kind of mformation will it tell the chmcxans’
Two types of hagic disorders will be idered: (1)

the hemorrhagic disease whach 15 a major ot severe one, or (2)
the type in which the patient 1s 2 “minor bleeder” ot is simply
suspected of heing a bleeder.

BLEEDING TIME IN THE MAJOR
HEMORRHAGIC DISEASES

I the severe hemorrhagic diseases, the clinical picture, i e.,
hustory, physical signs and laboratory findings, generally leads
to a preuse diagnosss without measunng bleeding time. This
test 15 then superfluous and could even be dangerous to the
patient 1f 1t 1s much prolonged and the anemia pronounced 3% 44

Therefore, in our opimion, the bleeding time test 15 not, as
Quick 43 wrote, “exceedingly important in the diagnosis of
haemorshagic diseases,” But what we have been taught by the
study of the mean bleeding tume has a bearing upon our under-

standing of the severe bemorrhagic diseases, whith must not be
neglected
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1. Vasoconstrictor substances and coagulants do not jpso
facto shorten the bleeding time. Some of them even prolong it
in a significant way.

2. On the contrary, other drugs with the same fundamental
properties favor the arrest of hemorthage. These consequently
are true hemostatics.

3, Other hemostatic substances seem to reduce the bleeding
time by their quinonic functions, even if they are neither vaso-
constrictors nor coagulants,

4. Adrenochrome which derives from the oxxdahon of

renaline may be considered a physiological b

Its action does not depend upon any vasomotor or clotting
property. The question arises whether it is directly related to
the formation of sympathin (for which it would be mother-
substance) or if it is only due to its quinonic functions.
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modifications of the focal hemodynamics after the minute ves-
sels have been injured, etc. ‘The relative importance of these
factors is not well known. However, it is proved that even 2
great deficiency in only one of them does not lead to an un-
controifable bieeding. The latter 15 caused by the failure of at
least two factors,

Nowadays, a better undetstanding of the sp hermo-
stasis and of the pathogeny of the hemorrhagic diseases is
needed. Further sesearches on everyone of the factors parti-
cipating in the arrest of bleeding and on their co-operative
action are necessary. This is more of a task for laboratory in-
vestigatars than for clinicans

But clinicians also have their shate in this wotk. In every
case of hemorrhagic disease, they must tey to evaluate alf the
abnormalitses present in the patient. This has already been done
by some clinicians Fot exaraple, a fack of prothrombin has
been occastonally found 0 anaphylactord purpuez which was
supposed to be always due to a simple vascular defect *7 and
purpura fulminans has been shown in some cases to be assocr-
ated with 2 defect of Owren's factor ¥V and with the presence of
an heparinoid substance %

BLEEDING TIME IN THE MINOR OR LATENY
HEMORRHAGIC DISEASES

Here the problern of the bleeding time presents itself 1n a
different way.

‘The patient is not a major bleeder, He belongs to a famdy
of minor bleeders of has humself shown frequent, but not pro-
fuse bleedings from nose or gums, etc., or had once presented
3 purputsc rash  Let us suppose he must undergo an operation.
Is he to be considered 2 bleeder or pot? Must he then con-
sequently recerve special care in order to prevent postoperative
hemorthages?

O let us suppose we deal with 2 patient bleeding from any
organ, for instance from the meninges, uterus or digestive tract,
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These diseases are characterized by extremely prolonged
hemorrhages which are commonly asserted to be due to a simple
vascular defect or only to a single definite blood abnormality
such as thrombocytopenia, lack of platelet agglutination, de-
creased prothrombin activity, hypo- or afibrinogenemia, lack of
antihemophilic globulin, hepatinemia, etc.

We believe that such a concept of the hemorrhagic diseases
is inaccurate, for 2 change in only one blood factor, such as 2
decrease in the circulating platelets, similar to that obsetved in
thrombopenic bleeders, does not result in purpura hemotshag-
ica*® nor in very prolonged mean bleeding times,3 if this
platelet defect remains the sole blood disorder.

In the same way, anumals or men given large doses of
heparin intravenously and whose blood is consequently unco-
agulable, do not present a hemorrhagic disease nor greatly pro-
longed mean bleeding times if the other factors of hemostasis
are normal, But, as already pointed out, the combined action of
heparinemia and of sympathetic denervation severely impedes
spontaneous hemostasis,?

These facts are important both in theory and practice.

As asserted by Quick,*s knowledge concerning even the
common hemorrhagic diseases 1s stull incomplete. At the present
time, intensive experimental wotk is concentrated on the wn-
portant problem of blood coagulati Obviously, this trend
of research has led to fundamental discoveries about hemor-
rhagic disorders. Nevertheless, blood clotting is not the same as

p and disturbances of the clotting me-
chanism are not the only factors involved in uncontrolled bleed-
ing.

The sp arrest of I hage certainly depend:

upon blood clotting. But other factors also control the length
of bleeding, ie, the number of circulating platelets, their
abulity to clump to foreign surfaces after these have been opson-
ized by plasma (or serum), the ability of the injured vessel
walls to be opsoruzcd by the plasma, the vasoconstriction, the
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In Lidge, the statistical study concerned 396 mean bleeding
times in healthy people and 38 mean bleeding times in members
of 2 family of minor bleeders (modified Duke's technique, 5
individual bleeding times for each mean one). The averages of
both groups did not greatly differ from each other (1 min. 52
sec. in healthy people and 2 min. 8 sec. in people suspected of
being or really being minor bleeders) and both histograms were
also supetimposable.

Our statistical criteria of rejection were applied to the two
latter groups of bleeding times. Then great differences between
them appeared For instance, only 5% of the mean bleeding
times in the healthy people exceeded the length of 3 mun. which
is for us the limit of a normal mean bleeding time. This pro-
postion 1ose to 16% in the people suspected of being ot really
being minor bleeders, Moreover, the difference between the
mean bleeding times measured at the right and left ear was
studied, A statistical method which assessed whether these
differences were real o due to chance was employed. Thus the
tescarches permitted to evaluate which figures would be valid,

In the healthy subjects, the deviation of the mean bleeding
times between the two ears exceeded the statistical cuterion of
error 1n only 6,55 of the subjects. In the members of the
family of minor bleeders, this deviation was observed 1n 52,6%
of the patients, or 1n other words, a greater vanability of bleed-
ing times was found between the right and left ear of minor
bleeders as opposed to nosrmal subjects, 4. 51. 18

In 2 special tourmiquet test which we devised, a venous stasis
1n the forearm results from a pressure cuff placed on the upper-
arm. The pressure employed 15 midway between the diastolic
and the systolic pressure and 1s maintaned for 15 min In the
classtcal test, the number of the petechiae which appear 1n these
conditions are counted and recorded. Moreover, in our tech-
nique, the sizes of the petechize are measured In people with-

out hemorrhagic tendencies, their diameter varies between 2/10
and 8/10 mm In the hemorrhagic diseases of the hemogenic
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and it is not possible to discover the definite and local cause of
these hemorrhages. Is then the patient to be considered 2
bleeder who requires a general treatment for his hemorrhagic
tendency, or not?

To answer such questions, Duke devised his technique for
mezsuring the bleeding time. He found that this was prolonged,
uvsually very much so, in severe thrombopenic purpura hemot-
rhagica. He found it normal, and sometimes slightly or moder-
ately prolonged, in the milder form of this disease. On the
other hand, he asserted the bleeding time was normal in many
ather hemotrhagic diseases even with evidence of pathologic
bleeding.4®

Hoping to sensitize or to standardize the technique, many
authors modified the tests as described by Duke. It can hardly
be said that these modifications wete improvements, for de-
tetmining the hemorrhagic tendencies of a minor bleeder is
more 2 statistical problem than a technscal one. It should be
noticed at any rate that. (1) the less severe the hemorthagic
disease 15, the fewer will often be the abnormally prolonged
bleeding times in a group of measurements; (2) bowever, the
limit of the normal bleeding times varies with different in-
vestigators,

Recently, two series of statistical studies on bleeding times
1n healthy men and women as well as 1n people who were sus-
pected of being or were really minor bleeders, have been made
in Oxford 5 and in Liége 1451

The first one concerned 98 mean bieeding times (6 indr-
vidual bleeding times for each) in healthy people, and 205
mean bleeding times (3 individual ones for each) in people
really being or suspected of being mnor bleeders (technique
of Ivy, Shapiro and Melnick). Oddly enough, the histograms
of both groups of mean bleeding times were superimposabl
and the average of the mean bleeding times in healthy people
(5, 7 min.) exceeded the average of lhose‘in people being or
suspected of being minor bleeders (4, 46 min.)!
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Prophylaxis and General Treatment of
Hemorrhage

The LocAL medical treatment of bleeding has recently been
the topic of the Scegers’ and Sharp’s monograph Hemostalsc
Agents 5 Their susgical handhng is well known. Conse-
quently, these special treztments will not be considered here.

The question this chapter will answer is: how can 2 hemor-
thage be shortened of stopped without a direct handling of the
migute bleeding vessels? The problem depends on whether the
patient has a hemorrhagic disease with a wefl-known etiology
or pathogeny.

PATIENTS WITH A HEMORRHAGIC DISEASE WHOSE
ETIOLOGY OR PATHOGENY IS WELL KNOWN
If the causes of the hemorrhagtc disease are known and
can be successfully treated, prophylactic and curative treatments
of the bleedings ate often possible
For instance, hygrenic conditions in factories, printing
offices, etc,, avert the hemogenic syndrome due to benzene tn-
toxication Natural or synthetic vitamin C prevents scurvy.
Vitamun K can cure some hypothrombimemas. B.A L. (Butish
anti-lewisite) controls the hemorrhagic disease produced by
gold or arsenic potsoning. Sp!encctomy geﬂcraﬂy heals chronic
¢ases of thrombopenic purpura | gica These 1ph
concern etiologic treatments,
In 3 stmtdar way, many hemorrhagic diseases can be at least
temporarily improved by treatments directed against the patho-
491
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type (see page 9), their diameter reaches 1-3 mm. and the
tourniquet test is then said to be qualitatively positive, As such,
it has the same significance as a prolonged bleeding time.5 1

In the famuly of minor bleeders just mentioned, there was
some correlation between the hemorrhagic tendencies 2s re-
vealed by the history of the patient and these two signs, i.e.,
abnormalities of the bleeding time and the qualitatively positive
tourniquet test, This shows the interest of a statistical study of
@ number of bleeding times measured in a person who i sus-
pected of being or really 15 a minor bleeder.

However, the statutical stwdy of bleeding time in minor
bleeders or in people thonght to be so, requires data carefully
gathered by one skilful technician, for the test varies with the
investigators because everyone has his own way to prick the
skin, to blot off the blood and to assess when the hemotrhage
has ended.

RECAPITULATION

In our opinton, the bleeding time test 1s superfluous or even
dangerous in the major hemorrhagic diseases. Its statistical
study may be useful in people suspected of being or really being
minor bleeders,

On the other hand, the study of spontaneous hemostasis as
a whole feveals that uncontrollable bleeding depends wpon
more than one hemorchagic factor. The clinscran should be able
to define these hemorrhagic factors in every type of hemorrhagic
disease and in every bleeder as well,
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15 the case for hemorrhagic diseases whose etiolagy and patho-
geny ate well known md can be specifically treated. The ef-
ficaciousness of may then be established
on 2 clinical basis.

However, this is not the rule, One generally knows when a
bemorrbage begins, but nobody can tell when it will stop. Thus,
there 15 wsually no clinical evidence of the precise actrvity of
hemostatic medications. Because of this lack of proof, wrong
medications are often applied by clinicians on the basis of -
toneous theoretical reasons. Also, they may have been prejudiced
by cases 1n which the usage of these wrong medications was ac-
cidentally followed by a hemostasis (post hoc ergo propter
hoct).

So, according to the aphorisms of Hippocrates, one regu-
latly applies low temperatures (ice bags, iy drinks, irrigations
with icy water, etc.) to control hemorrhages (hemoptysis, hema-
temesis, melena, utinary bladder hematuria, encephalarrhagia,
etc.), even 1n hemophiliacs.*® In certain cases (uterine hemor-
rhage), warm temperatutes (about 48-52°C) are preferred by
some authors.

But, below the normal temperatate of the mammals, and
especially under 10°C, the lower the tissue temperatute, the
more prolonged are the bleedings. As we have obsetved it (sce
page 13), hemorthage does not cease at a temperature of
about 2°C Temperatures of about 50°C also impede spontan-
eous hemostasis. These facts have been found true not only of
cutaneous, but also of visceral vessels.®

The hypothesis that visceral contractions due to the cold
would jocally favor sp | is Jacks exp
evidence. Moteover, we have seen by means of x-ray exammna-
tion that an 1cy opaque meal leads to gastroparesss and therefore
cannot arrest the hemorrhage 5

Thus the use of cold and heat in the treatment of the bleed-
1ngs 15 not at all justified and should even be avoided in many
cases because of wts danger.
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Frres, - Al

gcmc mechanssms. Thus ¢t
mia, hemophilia and Owren’s disease because they con':ct the
defect respectively of the blood fibrinogen, the antihemophilic
globulin and Owten’s factor V. Also hemogenic people with
a low platelet count or with platelets deptived of their property
to clump are improved if they receive normal platelets.

The prerequisite for the t of the patl is of
hcmonbagxc diseases is an accurate knowledge of the hemo-
static deficiencies involved. Such 2 knowledge is rather scasce.
This emphasizes again the nced of a better understanding of the
various mechanisms of uncontrollable bleedings and, in every
case, the necessity of 2 detailed exploration of the bleeder.

At the present time, the etiology and pathogeny of the
hemosrhagic diseases ate often imperfectly known, Therefore,
an all-inclusive treatment of hemorrhage must be planned.

On the other hand, it happens frequently that the bleeding
which has to be checked does not seem to depend upon 2 defect
of general hemostatsc factots, but on local hemorrhagic tenden-
cies. In these cases also, the treatment to be applied 1s 2 general
treatment for all the varous types of hemorrhages, ie., 20
“omnibus” one.

Similarly, before 2 surgeon begins an operation which ex-
poses the patient to profuse bleedings (prostatectomy for in-
stance) or which requires an especially perfect hemostasis (a5
cataract extraction), he wants to shorten 2ny possible future
hemorrhage. But, supposing the patient has no hemorthagic
disease, then what are the all-inclusive measures at the surgeon’s
disposal to improve spontaneous hemostasss 1n these cases?

PATIENTS WHOSE BLEEDINGS CANNOT BE
SPECIFICALLY PREVENTED OR TREATED

‘Medications to be Rejected
In some spccxal condtions, the application of a trestment

lmost always stops profuse bleedings in a very short time, This
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5. Many blood coagulants, such as the blood platelet ex-
teact called coagulen, two pectins called sangostop and co-
:guqt, and very small doses of thrombin (about 220 mg of

b or 880 pg of tt bin Patke and Davis, or 550uxg
of thrombin Roche) seduce the length of bleeding if they are
puent:mlly injected. The l:m:r can improve spontan:ous

is even if its admil follows the

It must be noted that pitressin can produce 2 state of shock,
a rise of the blood pressure and contractions of the gastroin-
testinal tract. ‘Therefore, it may be prescribed for hemoptysis
and metrorthagia with utexme inertia, but not in 2 case of hy-
ion or of gast 1 b h The other hemo-
statics are well tolerated “This is true of pumlm\\y injected
thrombin provided that its dose is small, If st is injected in-
travenously, its admunistration must be slow (see page 29).
We used several of these hemastatics for prophylactic and
curative of b hage when speafic was
impossible or not sufficient.

Preventive Measures

As painted out above, a prophyfactic hemostatic treatment
must be orgamzed before every operation which exposes the
patient to profuse bleedings or which requires a perfect hemo-
stasis,

We always associate hemostatics acting on different phar-
macological powmnts of application, hoping to increase their effect
in a suradditive way Thus we combine a vascular hemostatic
(such as ad; 1 )3 or hionine SN.S.), a
coagulant (such as thxombm, ot coagulen, or sangostop) and
any calaum denwvative (ats mechanism of action still being un-
known).

For wstance, each patient receives a solution 4 g of calcum
chlotide by mouth, each day during the three days preceding the
opetation. Also the night before he 15 given an intramuscular
majection of thrambase which is sepeated 20 hour before the
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Also, it was previously thought that bloodletting itself
should be used in the treatment of encephalorrhagia, This 15 in
agreement with Cannon's reasoning that a reduced bleeding
time follows a moderate hemorrbage. However, in spite of the
decreased blood pressure and its consequences (vasoconstric-
tion, increased circulating platelet count and blood hypetcoagul-
ability), 2 moderately large hemorrhage is followed by a pro-
longed mean bleeding time (see page 24). Then this seems
sufficient a reason to forbid bloodletting in encephalorrhagia.

Finally, we have found that many drugs acting as coagulants
and as vasoconstrictors impede the spontaneous arrest of bleed-
ing (see pages 31 and 33). In our optnton, this is sufficient
evidence to give up their use as hemostatics.

Medications to be Retained

Here we will enumerate the drugs whase efficaciousness 45
bemostatics have been proved by accurate methods in expert-
mental antmals and 11 bealthy men as well. We will also recall
their main pharmacologtcal characterastics.

1. The first one is the monosemicarbazone of adreno-
chrome, also called adrenoxyl. An njected dose of 100-500 pg
shortens the mean bleeding time 20 hour after it has been ad-
minstered but does not modify a hemorrhage which precedes
1ts admintstration

2. The dervative of the Congo red called naphthionine
S.N.S. and very small doses of nearly all the sympathomimetic
amines (among them adrenalone, also called stryphnon) have
a delayed hemostatic action on subsequent bleedings as well.

3, While parenterally injected, calcium derivatives impede
spontaneous hemostasts, their action 1s favorable 1f they are ad-
fministered by mouth.

4. An extremely slow mtravenous injection of the retro-
pituitary extract called pitressin or vasopressin (10-20 inter-
national units) seems clinically to shorten even 2 hemorshage
that preceded its administration.
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thages. In our opinion, thete is also no other experimental
method for studying the arrest of bleeding, up to this time.

Thus any hemorrhage can be treated with gaod chances for
success, by drugs whose hemostatic properties have been ex
petimentally established. Associating (1) a coagulant such as
thrombin, coagulen or an active pectin; (2) a vasoconstrictor
such as pitressin; and (3) calcium thetapy, will probably lead
to the greatest possible shortening of the bleeding time.

The use of hemostatics such as stryphnon and adsenoxyl to
combat a hemorrhage is more questionable, They cannot reduce
the bleeding time when they have been injected in healthy
animals or men after the skin has been cut or pricked. Are
they paradoxically beneficial to a bleeding patient? Some
authors reported favorable observations after their admmistra~
tion. In ocur opinion, these are not significant and 1t is not
proved that the vessels of an organ which is congested or in-
flamed behave otherwise than the vessels of the normal ear.

Comment

This might suggest a criticism to the reader. Our exper-
ments have been done on rabbit’s or man’s ear. May thewr re-
sults be applied to the vessels of other organs?

The mucroscopical study of spontaneous hemostasts 2.3+
on several organs of vanious animals proved that the arrest of
bleedings does not depend upon the mammalian species. It
differs only according to the kind of vessel (artery, arterole,
ven, venule or capillary).

On the other hand, many pharmacological experiments on
the rabbit's mesenteric vessels are, at the present time, 1n com-
plete harmony with unportant facts statistically established on
rabbit's and man's ear.t

These data piead for the use of only the medications which
have been successfully tested by accurate methods 1n experi-
mental animal and in man, as components of the “amnibus™
hemostatic therapy of hemorrhage.
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operation, ‘The latter is associated with an injection of adren-
oxyl, 500 pg. The results of such a treatment are generally good
as shown by the following observation,

R. Fernand, a cachectic, 62 years old, was affected with alveolar
pyorchea and panmyelophtisis, His eight ining teeth had
to be pulled. Before the hemostatic treatment, after he had re-
ceived three transfusions, the platelet count was 90 000 per'
mimc, the myelogram contained 75% Iymphocytes, 19 normo-
ythroblast and no karpocyte, One bleeding time was
stopped after 28 min, and the tourniquet test was qualitatively
ottt
The eight tecth were pulled on April Sth, 11th, 17th, 20th
and 23rd, each time after the prophylactic treatment described
above. No excessive bleeding occurred though, on April 19th,
the platelet count was 40 000 and the tourniquet test was quali-
tatively -4~ However, the bleeding tumes were respectively
reduced to 4 min, 8 min, 2 mun 30 sec. at the right ear, and
to 3 min. 30 sec., 3 mun. 30 sec. and 4 min. 30 sec. at the left
ear. The mean value was reduced to 4 min. 15 sec.

Curative Treatment

What is to be done for 2 patient when direct control of the
bleeding vessels is impossible?

If his blood presents defects which can be corrected, they
must be treated by the specific measures mentioned above. But,
in such cases, it frequently occurs that the specific treatments
are not sufficiently efficactous or that their effect is too delayed.
Therefore, these hemorrhages, as well as those the etiology and
pathogeny of whichare unknown, requite an “omaibus™ medica-
tion.

Ia 2ll these cases, the methods employed in the of
the patients are only on an experimental basis. The clue for
this type of treatment is offered by our statistical study of hemo-
statics in healthy rabbuts and men, because there is no clineal
criterion for the efficaciousness of hemostatics in such hemor-
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The Treatment of Thrombosis

The rForMaTION of a hemostatic plug after a vessel has been
punctured or transected is useful, On the contrary, the intra-
vasculat agglutination of blood platelets to an injured endo-
thelium 15 often dangerous. It can occur in an artery and pro-
duce 2 halt of the blood circulation 10 the cotresponding part of
the body, the 1mp of which 15 essential for
health or even for hfe. If it happens an a vein, the thrombus
too frequently becomes the remote origin of emboli, and these
can cause severe diseases or sudden death,

Therefore, the discovery of a prophylactic and sometimes a
curative treatment of thrombosis is one of the most strking
advances m therapy 1 recent years This treatment consists 10
the use of drugs being anticoagulants or considered as such, for
instance heparin and its substitutes or dicumarol and its dertva-
taves. Their efficaciousness had been established in expenimental
anumals % and 1n men® But, how anticoagulants avert and
even cure thrombosis was still a puzzle

HYPOTHESES ON THE MODE OF ACTION O¥
ANTICOAGULANTS IN THROMBOSIS
1. It might be supposed that anticoagulants could mmpede
the “opsonization™ of the injured vessel endothelmm and con-
sequently the agglutination of blood platelets to this surface
and to each other at this site.

Such an expl is i for the ¢ of
icoagut y to impede opsonization are much
1573
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RECAPITULATION
In hemorthagic diseases, specific prophylaxis and specific
treatment of bleeding consist essentially in averting or curing
the causes of the illness and in correcting the blood deficiencies.
However, this is not always sufficient nor possible. Then
an “omnibus” preventive and curative treatment can be em-
played as a result of the accurate statistical method for studying
spontaneous hemostasis and of its application to the pharma-
cology of hemostatics. These treatments can be used to cure the
bleedings of non-hemotrhagic patients as well,



The Treatment of Thrombosis 39

Then, another phenomenon must prevent the growth of the

thrombus, This is its tearing away by the blood, which has
been muctoscopically seen and segistered by moving pictures.

NEW MICROSCOPICAL ODSERVATIONS ON
THROMBOSIS

The Very Begi ing of Thrombus Fi jon in Normal
Animaly

H'a small mesenteric artery or vein is damaged and no
Besmorthage occuss, platelets adhere to the injured vessel wall
d thereafiter to each other,

2fus 2 platelet aggregate appears from which some ag:
Blutinated platelets are now and then torn away Nevertheless,
the White thrombus becomes farger and lacger and finally fills
ceatly all the diameter of the vessel, The farger the platelet
8gregate is, the more enerpetically the blood stream beats
2painst 15 extremity, Each pulsation shakes the whole white
throtnbus which i suddenly carned away by the blood stream
2¢ 2 micro-embolus and disappeats

}ﬂmcdlately, the building up of 2 new thrombus begns
*83i0. Asin preceding (and followsng) cases, it generally lasts
for about 2-3 mun, Frequently, this new thrombus is agan torn
2¥aF, another one taking its place. Such successive slow produc-
tion of platelet aggregates and their repeated sudden duslodg-
ment may last for half ap hour, an hour or even more.s?

This shows that a white thrombus is not easily formed be-
<ause of the unfavorable action of the pulsatile blood stream.
Experiments do not teveal that such small thrombi ate stabilized
by incorporating Sbrin,

hThcse facts sugpest 2 pew explanation for the prophylactic
action of anticoagulants in thrombosis. As we have scen, large
doses of these drugs prevent the opsonization of foreign sur-
faces and thus the adherence of platelets to them as wel{ as to
each other, Presumably, small doses hinder to 2 small extent
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higher than those which hinder blood clotting and also than
those which are found in the blood of the treated patients. An
example: while the clotting of plasma is prevented for four
hours by heparin 0,0025%,, heparin concentration of 5%/, is
necessary to prevent the opsonization of yeasts by the plasma
and their clumping to blood platelets. On the other hand, the
usual daily dose of hepatin for preventing a venous thrombosis
in man leads to a blood concentration of the anticoagulant
which is much less than 0,05%,.

Thus, the prevention of the opsonization of the vessel en-
dotheltum cannot be the sole mechanism used to explain the
action of anticoagulants.® However, we will soon see that this
may play a role in the dislodgment of the thrombus with small
concentrations of anticoagulants.

2. Quick recently gave an explanation of thrombus forma-
tion and of the action of anticoagulants in combating throm-
bosis.## According to his views, the abnormality of the 1njured
vascular endothellum induces the spreading of a thin layer of
thrombrn on the vessel wall. Consequently, the platelets adhere
to this site (Step 1) Their subsequent disintegration Iiberates
thromboplastinogen and thus causes a reticulated fibrin clot
which enmeshes the ntact platelets (Step 2). The retraction of
this fibrin clot expresses a serum rich 12 nascent thrombin (Step
3). This produces a new fibrtn coagulum which 15 attached to
the tip of the primary thrombus (Step 4). Only such 2 growth
by the successive formatron of new clots and repeated expres-
sion of nascent thrombin by fibnin retraction would produce
vety long dangling and dangerous thrombi. Heparin could
stop this growth because st nachivates thrombin and impedes
the platelet distategration

This mechamsm is logical but rather hypothetical. It seems
possible, even probable, if the thrombus is large enough. On
the contraty, it does not seem to explain the very beginning of

thrombus formation for, at this moment, there is no Bbrin
formation nor clot retraction.
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“Then, another phenomenon must prevent the growth of the
thrombus. This is its tearing away by the blood, which has
been mictoscopicaly seen and registered by moving pictures.

NEW MICROSCOPICAL OBSIRVATIONS ON
THROMBOSIS

The Very Begioning of Thrombus Fi jon in Normal
Animals

If 2 small mesentetic attery o vein is damaged and no
hemorrhage occurs, platelets adhere to the njured vessel wall
and thereafter to each other.

Thus a platelet aggregate appears from whuch some ag-
glutinated platelets are now and then torn away, Nevertheless,
the white thrombus becomes Iarger and larger and finally flls
neatly all the diameter of the vessel. The larger the platelet
aggregate is, the mote energetically the blood stream beats
against s extremity, Each pulsation shakes the whole white
thrombus whuch is suddenly cartied away by the blood stream
as a micro-embolus and disappears

Immediately, the building up of a new thrombus begins
again, As i preceding (and following) cases, it generatly lasts
for about 2-3 mun. Frequently, this new thrombus 15 again torn
away, another one taking 1ts place. Such successive slow produc-
tion of platelet aggregates and ther repeated sudden dislodg-
ment may last for half an hour, an hour or even mored?

This shows that a white thrombus 15 not easily formed be-
cause of the unfavorable action of the pulsatile blood stream
Experiments do not teveal that such small thrombr ate stabitrzed
by ncorporating fibtin

These facts suggest a new explanation for the prophylactic
action of anticoagulants in thrombosis As we have seen, large
doses of these drugs prevent the opsonization of foreign sur-
faces and thus the adhetence of platelets to them as well as to
exch other, Presumably, small doses hinder to a small extent
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opsonization and platelet agglutination. But this feeble hind-
rance might become effective with the mechanical help of the
beating blood stream. Thus, again, we see that more than one
factor is mecessary for a pronounced disturbance in blood
homeostasis.

Locally Applied Anticoagulants and Their Relation to the
Building Up of White Thrombi

Recent experimental data ® are in agreement with these
conclusions. They concern the local action of anticoagulants on
the formation of a thrombus This was microscopically studied
as small mesenteric vessels were washed by different solutions
of anticoagulants before they were transected and then while
they were bleeding.

Such experiments showed that (1) the concentrations of
anticoagulants thoroughly preventing the formation of a hemor-
rhagic plug must be very high (heparin from 2,5 to 5%;
sodmm citrate 10%). They largely exceed the concentrations
of the same substances needed to prevent blood coagulation;
(2) heparin concentrations more than sufficient to prevent
thrombo-embolic disease (0,025%) do not impede the forma-
tion of an apparently normal hemostatic plug; (3) hemo-
static plugs which appear under washing by heparmn 0,25% as
well as by sodium citrate 0,5 and 1% look normal, but, never-
theless, cannot stop bleeding.58

Thus it 1s confirmed that these smaller therapeutic doses of
anticoagulants cannot hinder the opsonization of injured vessel
walls and thereby the agglutination of blood platelets to them,
Even in normal animals, fibrin threads could never be detected
1 the primary platelet plug.t.? It L then probable that fibrin
plays no role euly t in exp 1
animals or in men given therapcunc doses of heparm or
dicumarol.

Therefore, Quick's hypothmal exphmhon of the action

ts in preventing thromk does not seem to be

of anticoagul
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accurate, Several authors 5559 assert that heparin, dicumarol
and thcu substitutes appear to act by decreasing the phkelet

b Since the prereqy of platelet aggl is
the opsontzation of the foreign sutfaces to which these corpus-
cles adhere,® it is probable that anticosgulants check the
thrombus formation by at least partly hindrancing this opsoniza-
tion.

Anyhow, their prophylactic action apparently depends upon
the increased fragiity of the thrombus which consequently is
more eauly torn away from uty insertion on the vascular wall.

‘The mechanism of the curative treatment of thrombosis is
more complicated This therapy has to deal both with opsoniza-
tion and platelet agglutination, and with coagulation and clot
retraction  Anticoagulants can intetfere with these processes
upon which the thrombus propagation relies. But they also
seem to favor fibrinolysts ® and thus they may, 1 this way,
hasten thrombus disappearance

THE PRACTICAL IMPORTANCE OF THE
PRECEDING CONSIDERATIONS

Etiologic and pathogentc studies of thrombosis have shown
that several factors are involved 1 sts development. These
factors are. (1) abnormalities of the inner surface of the ves-
sel which can be caused by anoxiz, infectron, etc., and might
exist even mn the absence of any histologically demonstrable
leston,®t (2) 2 localized or general slowing of the blood stream,
(3) different modrfications of the blood such as an increased
platelet count, a lowered plasmatic albumun globubin ratio,
an increased fibrmnogen level, 2 hastened sedimentation rate of
erythrocytes, etc

Before anticoagulants were introduced as preventive and
curative treatments of thrombosxs by Best, Jorpes and their col-
lab 55, 56, 62 tic had been successfully
used for combatmg thrombo embolic disease, Great cares were
taken not to damage the vessels, to avoid infections, but, above
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all, to improve blood circulation, especially in the lower ex-
tremities.

Among the means employed to avert blood stasis were (1)
foot and leg exercises jn bed (sometimes with appropriate
apparatuses); (2} deep breathing exercises; (3) avoidance
of restriction to respiration or of postures slowing the venous
circulation; (4) early ambulation of surgical and obstetrical
cases; and (5} clrculatory and respiratory analeptics. The te-
sults of these were ) bl

In spite of this, they were frequently omitted in the pro-
phylaxis of thrombosis after the uscfulness of aaticoagulants
in thrombo-embolic discase had been publfished.

In our opinion, this is a mistake, for thromboris needs the
synergustrc eollaboration of several disorders for its occurrente.
Therefore, the best preventive and curatve treatment of thii
drsease must be a synergistic one. Thir it, in accotdance with
BurgPs law, hygienic condirons for the pasients, pesfect
surgeeal techng proving the blood le
and the use of anticoagulants.

RECAPITULATION

Microscopical studies in the rabbit of spoatancous hemo-
stasis and of the experimental production of thrombosis bave
shown how a thrombus develops in the absence or even in the
presence of anticoagulants.

On the basis of expenmental evidence, the best prophylactic
treatment of thrombosis appeats to be a synetgistic one which
involves the combined action of (1) anticoagulants; and (2)
measuges deduced from the etiology of this discase. The chref
aim of these measutes 15 to improve blood circulation.
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General Comments

DuriNG the last 70 years a number of first-rate researches
wete devated to the analysis of every factor taking pat in spon-
taneous hemostasts and, above all, to the study of blood clotting.
Qutstanding advances ensued, Nevertheless, 21l explanations
of the arrest of bleeding considered as a whole were still specu-
lative and unsatsfactory.

For nstance, nobady could give the reason of what we
termed the “hemostatic patadox™ (see page 9), or tell why
the bleeding time differs in a hemogenic patient according to
the sites of pricking, 20d haw very small doses of hepaun pre-
vent thromba-embolic disease,

Qur approach to the problem of hemostasts differed entitely
from the preceding ones and we feel the expenmentaf work in
this field led to interesting results.

Our studies offered more than a clue 1n demonstrating the
tole of hemostatic factors in the arrest of bleeding and of their
deficiencies 1n the pathogeny of hemorthagic diseases. They
have given an oppomm\ty for studylng the b:havmr of hemo-

stasss in various physiclk 1 2nd § d Also,
they h:we been used to mvesngate the xelmonshxp o( spontan-
eous | to ! to devise biological assays for

hemostatics, etc

With their help, faulty hemostatic medications have already

been dsscarded and new good onies discoveted. Also, the

istic use of several th has been planned

to !reat bleeding and thmmbosls These studies have shown
(631
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all, to improve blood circulation, especially in the lower ex
tremities.

Among the means employed to avert blood stasis wete (1)
foot and leg exercises 1n bed (sometimes with approptiate
apparatuses), (2) deep breathing exercises; (3) avoidance
of restriction to respiration or of postures slowing the venous
ciculation; (4) early ambulation of surgical and obstetnical
cases; and (5) circulatory and respiratory analeptics. The re-
sults of these measures were extremely favorable.

In spite of this, they were frequently omitted 1 the pro-
phylaxts of thrombosts after the usefulness of anticoagulants
in thrombo-embolic disease had been published.

In our opinion, this is a mistake, for thrombosts needs the
synergistic collaboration of several disorders for sis occurrence.
Therefore, the best preventive and curative treatment of this
disease must be a synergistzc one. This is, in accordance with
Burgds law, hygrenic conditions for the patrents, perfect
surgical technigues, measwres improving the blood cirenlation
and the use of anticoagulants.

RECAPITULATION

Microscopical studies 1n the rabbit of spontaneous hemo-
stasts and of the expertmental production of thrombosis have
shown how a thrombus develops in the absence or even i the
presence of anticoagulants,

On the basis of expertmental evidence, the best prophylactic
treatment of thrombosis appears to be a synergistic one which
involves the combined action of (1) anticoagulants; and (2)
measutes deduced from the etiology of this disease. The chief
aim of these measures s to improve blood circulation.
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Summary

Hurserro, the arrest of bleed i

had been mainly studsed in an analyhc\l way ‘The present book
results from an entirely new approach to the problem. Having
observed that the “mean bleeding tume” is a constant measure-
ment 1n a subject under standardized conditions, the author de-
vised a statistical method in order to study spontaneous hemo-
stasss m experimental animals and men

With the help of this method, 1t is shown that Cannon’s
views about the mamtenance of blood in mammals are not
entirely correct  The paradoxical effects of adrenaline (and
consequently of bloodletting) as well as of many anesthetics on
the bleeding time are explamed The hemostatic action of
thrombsn is evidenced, Experuments with hepann give new
proofs that extremely prolonged bleeding times depend upon
the combined action of at least two hemorthagic factots, one
being vascular, the other consisting of some disorder of the
blood stself.

Applied to pharmacological problems, the new method
duscloses that vasoconstnictor substances and coagulants do not
ipso facto shorten the bleeding time, Sotne of these drugs even
prolong 1t 1n 2 significant way On the contrary, other drugs
with the same fundamental properties favor the atrest of hemor-
rhage The latter only may, consequently, be termed hemo-
statics. Other hemostatics seem to reduce the bleeding time by
their quinonic functions even 1f they are neither vasoconstrictors
nor coagulants Among new hemostatics thus discovered, is

{6s5]
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that the pathogeny of hemorrhagic disorders as well 25 that of
thrombo-embolism is a piex one, depending upon many
blood and vascular factors,

Above all, a new statistical method for studying spontan-
eous hemostasis has been introduced, and this is based upon
arcurate measurements

Two statements are to be recalled here, Lord Kelvin wrote,
“When you can measute what you are speaking about and
express it in numbers, you know something about it,” and
Claude Betnard said, “An improved physiofogical experimenta-
tion consists not only in better snstruments and procedures but,
above all, in the logical and well controfled use of comparative
expetiments” (author’s translation),

Therefore, we hope that the work exposed in this mono-
graph on a statistical study of spontaneous hemostasis con-
sideted as 2 whole will inspire additional researches on this
important subject
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Summary

mesno, the arrest of bleeding, or spontaneous hemostasis,
had been marnly studsed in an analytical way. The present book
results from an entitely new approach to the problem. Having
observed that the “mean bleeding time” is a constant measure-
ment in a subgect under standatdized conditions, the author de-
vised a statistical method 1n order to study spontaneous hemo-
stasis in experimental animals and men.

With the help of this method, 1t 1s shown that Cannon's
views about the maintenance of blood 10 mammals are not
entirely correct. The paradoxical effects of adrenaline (and
consequently of bloodletting) as well as of many anesthetics on
the bleeding time ate explained The hemostatic action of
thrombin 1s evidenced. Expetiments with heparin give new
proofs that extremely prolonged bleeding times depend upon
the combined action of at least two hemorthagic factors, one
being vascular, the other consisting of some disorder of the
blood atself

Applied to pharmacological problems, the new method
discloses that vasoconstrictor substances and coagulants do not
1pso facto shorten the bleeding time. Some of these drugs even
prolong it 1n a significant way. On the contrary, other drugs
with the same fundamental properties favor the arrest of hemor-
thage, The latter only may, consequently, be termed hemo-
statics Other hemostatics seem to reduce the bleeding time by
therr quinonic functions even 1f they are nesther vasoconstrictors
nor coagulants. Among new hemostatics thus discovered, 15

Lesl
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adrenochrome {coming from the oxidation of adrenaline)
which may be considered as a physiological hemostatic.

The bleeding time test appears to the anthor superfluous
in the major hemorrhagic diseases, On the contrary, its statis-
tical study may be very useful in the detection of minor or latent
bleeders, especially of the “hemogenic type.”

The new method for studying spontaneous hemostasis has
more important consequences in therapeutics. It shows that
wrong medications must be discarded; among them the wide-
sptead use of cold, heat, and bloodletting in the treatment of
bleeding On the other hand, preventive and curative treatments
result from pharmacological researches on bleeding time. These
general treatments (as opposed to topical ones}), ate patticulacly
intended for the hemorrhages which cannot be specifically or
locally treated.

Finally, according to the facts disclosed by some of these
experiments on bleeding time, and by microscopical studies on
spontancous hemostasis as well as on experimental thrombosis,
the best prophylactic treatment of thrombo-embolist is shown
to be a synergistic one, which unites the use of anticoagulants
and measutes improving the blood circulation
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