The factors of coagulation in the experimental aplastic anemia of Benzol
poisoning : with special reference to the origin of prothrombin / by S.H.
Hurwitz, M.D., and C.K. Drinker, M.D.

Contributors

Hurwitz, S. H.
Drinker, Cecil Kent, 1887-1956

Publication/Creation
[Place of publication not identified] : [publisher not identified], [19157]

Persistent URL

https://wellcomecollection.org/works/hptqdsev

Wellcome Collection

183 Euston Road

London NW1 2BE UK

T +44 (0)20 7611 8722

E library@wellcomecollection.org
https://wellcomecollection.org













402 Aplastic Anemia of Benzol Poisoning.

Our observations have shown that the clinical symptoms of an
animal poisoned with benzol, as far as the hemorrhagic features are
concerned, give only slight indication of the profound changes which
this myeloid tissue poison produces in the blood of such anim: f
The latter do not, as a rule, exhibit the usual hemophilic tendency
with which we are familiar,—delayed bleeding time, purpura, bleed|
ing from the gums and mucous membranes, etc. Very occasionally|
one meets with prolonged bleeding from cuts and ear pricks, which,
according to the recent observation of Duke (5), occurs only w o1 !
the plates are reduced to a dangerously low level, 5,000 to 15, ol
per cubic millimeter. With the exception of a few instances in j
which the blood, at autopsy, was found to remain fluid for a .. g
time, no striking departure from normal t‘:lt}ttlng was noted. $
study of the blood showed, however, that striking changes had re-
sulted both in the formed elements and in the prothrombin content, 4’
although such changes were not of a degree sufficiently marked te
produce the clinical picture of hemorrhagic disease. i

As far as the effect of benzol upon the formed elements is con= J
cerned, our experiments confirm the work of Selling and of Duke. |

Following the administration of benzol, there is a rapid disappes ; 5
ance of the white cells from the peripheral circulation. We have
observed also an initial rise in some instances (experiments B, F, F“
and H). The red blood corpuscles are much less affected than -:'5_:;
white. Ina few experiments (B, E, and G) the count remained un:
altered, whereas in the majority of observations the red cell count
was reduced by 50 per cent. or more.

The platelets showed usually the same general reduction in num-
ber, though to a less extent. We were impressed with the obsery
tion that the blood plates may remain at a high level at a time when
the white cells have almost entirely disappeared from the circula
tion. TIn only one instance were we able to reduce the number of
platelets so low as to reproduce the symptoms of hemorrhagic dis-
ease. Such experiments suggest the possibility that the megakaryo
cytes of the bone marrow either regenerate very rapidly or else are
more resistant to the toxic action of benzol than are the forerunners
of the polymorphonuclear leucocytes and erythrocytes.! This view,

! According to Selling’s work (loc. cit. (3), p. 53), the polymorphonuc ear













406 Aplastic Anemia of Benzol Poisoning.
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ence to certain precautions to be followed in carrying out the pro
thrombin test. ]

Prothrombin—As yet no good method is available for the isola-
tion and absolute quantitation of prothrombin in blood plasma.
idea of the relative amount or relative strength of the prothrom
in the blood may be obtained, however, by a simple method devi
by Howell.* This depends upon the observation that the act of oxa-
lating, that is, the decalcifying of the solution, intensifies the activ 4
tion of prothrombin to thrombin by a subsequent calcification.
results apparently in a greater production of available thrombin for
interaction with the fibrinogen of the plasma. g

In practice the reaction is carried out as follows: To a series of
tubes containing a constant amount of oxalated plasma is added
dilute calcium chloride in varying amounts. Coagulation will resul
and the time of coagulation, as measured by the invertibility of t
clot, will be shortest in the tube containing the optimum amount of
calcium. Tested by this method, the clotting time of normal rabbit
plasma averages about ten minutes.

To insure uniform results, it is necessary to take two precautmn
first, the employment of an equal quantity of each reagent; second,
centrifugalization of the plasma at a constant speed and for a con-
stant number of minutes in all comparable observations. That the e
speed of this prothrombin reaction can be influenced b}r centrifugal |
ization was shown by Lee and Vincent (10) and again emphasized
by Howell in a recent publication (11). This was shown to d%
pend upon variations in the thromboplastin content of plasma cen-
trifugalized for different periods of time. Failure to observe these
two points may lead to erroneous results in experiments where no
wide differences exist between the quantity of prothrombin present|
in normal and in pathological blood. ' 5'1'

Antithrombin—The method of demonstrating the anticoag "al
lating action of normal and pathological plasmas has been so clearly| y
described in recent papers that only brief mention of the technique|
need be considered here. The test plasma is heated slowly to 60° C
and then centrifugalized to remove the fibrinogen and prnthmmhi
A drop of this plasma containing the antithrombin is then added -J

3 Howell, loc. cit. (7), p. 78. : : |
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410 Aplastic Anemia of Benzol Poisoning.

Autithrombin Test®

Heated plasma, Thrombhin. Time interval. Fibrinogen solution. W
1 drop 3 drops 15 min. 7 drops 5 min.
1 drop 4 drops 15 min. 7 drops 12 min.
1 drop 5 drops 15 min., 7 drops 5 min.

Nov. 26. Animal killed and autopsied at once. Serous cavities were
normal except for a small organized clot in the pericardial sac. The hea
showed many small scars covered with fibrin at the points where the car
muscle was pierced in obtaining blood. No gross changes were demonstrable
any of the other organs. Bone marrow obtained from the middle of the f
was mottled brown, of fair consistency, with small pin-point hemorrhages.

Microscopical sections showed an aplastic marrow in the stage of fai
advanced regeneration. In some parts of the section the aplasia was found to t
fairly complete, but superimposed upon the edematous aplastic reticulum th
were groups and clumps of parenchymal cells; these consisted of gran
and normoblasts. Megakaryocytes were present in fairly large numbers.

Reference to the protocol and to table I and text-figure 1
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Text-Fic. 1. Formed elements: heavy dots and dashes=red blood cor-
puscles; open circles and dashes = white blood corpuscles; solid line = blood
platelets. Factors of coagulation: broken line = prothrombin; small dots
dashes = antithrombin ; dotted line = fibrinogen.

8 Control 3 min.
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at autopsy showed the most complete aplasia observed in the entire
series. ]
The delayed coagulation of the recalcified plasma of benzolized
rabbits may be explained theoretically in one of two ways: it may be
due, in the first place, to the presence of an excessive amount of an- |
tithrombin; or, in the second place, to a deficiency of prothrombin. |
In the preceding paragraphs it has been shown, however, that the |
amount of antithrombin is not altered materially by benzol injec-
tions; in fact, there may be relative diminution in the amount, so that |
the prothrombin deficiency may be even greater than the recorded |
coagulation time indicates. It is fair to assume, therefore, that the
delay in the coagulation time of the recalcified plasma is due to an |
actual deficiency of prothrombin, and not to an excess of anfh |
thrombin.
An examination of table III will show, furthermore, that this pro-
thrombin deficiency does not parallel absolutely the reduction in
blood platelets. For instance, certain animals with a much lower !
count may show a less marked diminution in prothrombin than ani-
mals with a higher count (compare experiments E, P, and U with
O and Q). Such findings are readily explainable, however, if it is
kept in mind that regeneration of the myeloid tissue usually goes |
hand in hand with aplasia, and that the number of platelets at any
given time will depend largely upon the degree of regeneration.
This fact helps also to explain why such difficulty is encountered
in lowering both the platelets and the prothrombin of the circulat-"|
ing blood to a dangerous point.
No definite parallelism was demonstrable between the prothrombin
deficiency and the reduction in leucocytes. The white cells may be |
much reduced or absent at a time when the prothrombin content is |
little altered (experiments F and G), or there may be some defi-
ciency in prothrombin associated with a leucocytosis (experiment K).
In general, however, a prothrombin deficiency has been found asso-
ciated with a reduction in the number both of platelets and leu:
cocytes. : |
Fibrinogen.—All the fibrinogen determinations were made by |
the method of heat coagulation. In every instance the reading was
corrected for the oxalate solution used in receiving the blood, so that
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DISCUSSION.

The experimental observations recorded have shown that injt
to the myeloid tissue by benzol causes a diminution in the prothrom
bin content of the blood, and that this tissue must be intimately asso
ciated with the elaboration of this substance. Our experiments off
no convincing evidence, however, as to the relative importance |
the various formed elements of the marrow in prothrombin produ
tion; but the more direct proof given by other workers makes it fair
certain that the platelets and not the leucocytes are the essential ele
ments. Neither Morawitz (18) nor Howell (11) have: btm

ciable amount of prothrombin, whereas both workers have prepat
active prothrombin solutions from aqueous extracts of blood plate
lets. In view of these ohservations the conclusion appears justifiec
that the blood platelets play more than a mere mechanical part in the
process of coagulation. Presumably, during the normal c.:rculati =
these elements undergo more or less gradual dissolution and thus el
to maintain the prothrombin equilibrium of circulating blood. -

Already attention has been directed to the lack of parallellsm be-
tween the drop in prothrombin and the extent of destruction of
myeloid tissue. This finding is in keeping with the experimental
and clinical observations of other workers. Pratt (31), for in-
stance, has shown that there is no direct interdependence between th
number of platelets and the coagulation time. More recently Duk
has emphasized this point by showing that blood in which the p : te
Iets are reduced to I0 per cent. of normal by repeated benzol I.'i'.l‘.

platelets is essential to effective clotting. It follows, there,'.
that the platelet count and the circulating prothrombin may be col
siderably diminished without causing symptoms of hemophilia.
On the whole, the conservative conclusion would seem to be th
the maintenance of the prothrombin equilibrium of the blood d
pends only in part upon the blood platelets. Besides the facts a
read}r mentioned, there is other evidence in support of this ies
It is well established, for instance, that the platelet count may L















