TrauMATIC HEMORRHAGIC SHOCK

activity remaining in 10 minutes, showed a
marked increase with addition of hyaluroni-
dase to 45.6% activity remaining in 10 min-
utes. The preliminary study suggests defin-
ite advantages to the subcutaneous route over
the intramusculdr particularly for clinical
study of effective blood flow because of the
ease of injection, deviation of subsequent
clearance rates and the inherent liability of
unabsorbed radiation in deep tissue. It is
possible that the increased rate of clearance
subcutaneously with hyaluronidase represents
marked diffusion rather than absorption.

The results of arterial and venous clamping
of the common iliac vessels supports the re-
cent view of Cullen et @l.(7) that there is
no benefit in concomitant venous ligation in
acute arterial occlusion as was suggested by
the early work of Makius(8) and Brooks et
al.(9).

Summary. A study of the effect of physi-

7. Cullen, M. L., Streppacher, L. G., Greenspan,
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cal factors on radiosodium clearance in dogs
is reported. The average clearance rate in
25 control intramuscular injections was 59.4%
activity remaining after 10 minutes. De-
creases in intramuscular clearance rates were
demonstrated with application of ice-salt mix-
tures, radiant heat and pressure cuffs. The
average subcutaneous clearance rate in 10
control studies was 75.8% activity remaining
in 10 minutes. This rate of clearance was
increased with the addition of hyaluronidase.
The clearance of radiosodium from a part
does not appear as a straight line function
when plotted and the calculation of per cent
activity remaining per unit time is suggested
as an expression for determination of clear-
ance rates. The present study entirely sup-
ports the view of Kety that this techmic is
applicable to measure the effective circula-
tion of a tissue and indicates the need for
further study to quantitate the procedure for
clinical application.
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Activity of Ethyl-l-Ethanesulfonyl-4-Piperazine Hydrochloride on Trau-

matic Hemorrhagic Shock on the Dog.
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Researches, in recent years, on traumatic
shock therapy, have led us to examine the
effects of the following substances on shock
induced in the rat by means of the drum
technic (Noble and Collip), with polyvinyl-
pyrrolidone (1), some simple aliphatic amides
(2), and the protective effect exercised by a
new synthetic compound, ethyl-1-ethanesul-
fonyl-4-piperazine (3885 R.P.)(3).

* Address: Instituto Superiore di Sanita—Roma,
(Italy).
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In previous experiments we tested the ef-
fect of ethyl-1-ethanesulfonyl-4-piperazine
(3885 R.P.) on shock produced in the mouse,
rat and guinea pig, then decided to carry out
further experiments on the dog. We used
the technic of Wiggers, Ingraham and Dilles
(4) which produced an irreversible shock
following a prolonged hemorrhagic hypoten-
sion period. The animals were treated as
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described by Wiggers, under morphine or
chloralose anesthesia. By extensive bleeding
the blood pressure was lowered to 40 mm of
kg maintained for a given time by a series
of successive hemorrhages and reinjections.
A total reinjection of the removed blood im-
mediately followed the period of hypoten-
sion. The wounds were treated locally with
sulfanilamide and the surviving animals
were given penicillin. To minimize the sea-
sonal or other variations which constitute the
principal obstacles in this type of research,
the experiments were repeated in the spring
and in the autumn, and parallel experiments
have been carried out in Paris and in Rome.
One hundred dogs were used. The duration
of hypotension was prolonged for more than
the 90 minutes reported by Wiggers(4), and
there resulted a larger proportion of irre-
versible shock in the control animals.

In the first series of experiments (I, IT, TIT),
16 control dogs were subjected to 2 hours
hypotension, with a mortality of 94%. 1In
series IV, the control dogs exhibited a higher
resistance and the period of hypotension was
extended to 274 hours.

Of the different compounds tested, poly-
vinylpyrrolidone and tuamine (2-amino-hep-
tane hydrochloride), did not give any pro-
tection against severe hemorrhagic shock.
Two synthetic amides, the N-N-bis-diethyl-
amino-ethyl-ethanesulfonamide hydrochlo-
ride (3720 R.P.) and ethyl-1-ethanesulfonyl-
4-piperazine hydrochloride (3885 R.P.) gave
protection and the results are given below.

Compound 3885 R.P. was administered to
the experimental dogs at different times,
either before or after the first major hemor-
rhage. The most favourable results were ob-
tained when the injection of the product im-
mediately followed the hemorrhage. The re-
sults were less constant, probably due to rapid
elimination when the compound was injected
before hemorrhage, for its effectiveness de-
creased rapidly during the hypotensive phase.

4. Wiggers, H. C., Ingraham, R. C., and Dille, J.,
Am. J. Physiol., 1945, v143, 126; Ingraham, R. C,
and Wiggers, H. C., Fed. Proc., 1945. v4, 36; Wig-
gers, H. C., and Ingraham, R. C., J. Clin. Invest.,
1946, v25, 30; Wiggers, H. C., and Ingraham, R. C,,
Am. J. Physiol., 1946, v146, 431.

TraumMaTIC HEMORRHAGIC SHOCK

The results are shown in Table I. There
was an 88% mortality among the control
animals; and 15% among the animals treated
before or immediately after the hemorrhage.
The period of survival was much longer in
the protected animals than in control animals;
60% of the latter died within 6 hours, where-
as not a single one of the treated animals
died in this period.

Death from shock never occurred more
than 24 hours after the hemorrhage; there
was only one case of a later death in a
treated animal, and this appeared to be the
result of an embolism.

The untreated animals presented a clinical
picture corresponding exactly with that de-
scribed by Wiggers and Ingraham(3,4). Ir-
reversible shock was constantly preceded by
a marked fall of blood pressure at the end of
hypotension, and by emission of bloody
faeces. The treated animals practically never
presented these characteristic symptoms of
shock.

Discussion. On traumatic shock in the
dog, we demonstrate the protective activity
of certain aliphatic sulfonamides. This phe-
nomenon was previously observed by one of
us in experiments conducted with mice, rats
and guinea pigs(3).

Hemorrhagic shock produced in the dog
by the method of Wiggers, Ingraham and
Dille, was interesting for 3 reasons: 1. The
analogy between the symptoms of this type
of experimental shock and the clinical shock
is well established. 2. The conditions util-
ized in these experiments were extremely se-
vere; with a mortality of 80 to 100% of
control animals. 3. All previous attempts
for protection against hemorrhagic shock have
resulted in incomplete and limited protection.

Using ethyl-1-ethanesulfamide-4-piperazine
hydrochloride (3885 R.P.) either before or
immediately after the hemorrhage, it was
possible to prevent or to retard the symptoms
of shock such as cardiovascular collapse, pros-
tration and intestinal hemorrhage, and to as-
sure a higher percentage of survivals.

Concerning the mode of action of 3885
R.P., it has been previously reported that
this compound cannot be classified in any
known group of pharmacodynamic agents; it



423

050 £uo yo £iyejrow v pey ‘sanoy g yo ydoys orfeyraoway-aajsuajodLy pue pouad amms ayy 1oy pejoslqns ‘sSop [oxjwod ¢ §
'S[BATAINS JO IaquunN — § }
K«

TraumaTtic HEMORRHAGIC SHOCK

(a1 By/8w go1) esoreioy) = (o8 Ay/3w g) suydiow =

S ©
‘a1 ‘21
away ‘5/€9/1 .
1033® ‘9/1°9/1 : 6%, “100
01 S T 01 08 '8/1'31/1 (1] ¢ 0 %3 amoy AT
101U 8T Arawox c
310 ‘c'g ‘A8
0 O S i o o
G St 0c utr 09-0g ¢ 00T ¢/T6 o ¢ 0 6 Lred 1
..~OE®£
1933R
of S '%eE 6 Rtk 5 . \m 4 65, “unp
9/G¢c o
10w ‘a/T6 “8
TR ‘9/2-1 8% “1°0
91 8¢ ‘o1 RULLUB 9 €8 9/11 9 D G sLied 11
MMMMMM 8% ‘KB
0% 8§ ‘@l "um ey e 00T %e'e'00 ¢ n g auroy I
% 1y ‘mor3oafur JewRAL,  S[BWUE % 4ay “uorgoalur STBWIUE 4BIS02IBN , Iy SILIOG
‘AIMBIIO A1 I9IFR [RATAING J0 0N AJIrBlIo -3 191J % [PATAING FooN uorsuajod £y
L ! - g Fo worjrangy

1B3uamLIadxy

R[0131107)

‘Soq eyl Ul ¥ooqg MNIRLIOWS MIBWNERL], W0 apuo[y0IpLyy suizeiadid-p-{Luoznsourig-T- 1AM 30 £3andy

T A I9VL



424

does not seem possible to explain the pro-
tective effect in shocked dog by any action
in the cardiovascular system in normal ani-
mals.

The experiments do not exclude the pos-

PrOTHROMEBIN UTiLizATION DURING CLOTTING

sibility of a pharmacodynamic antagonism
for one of the hypothetical toxic substances
responsible for shock.
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Prothrombin Utilization during Clotting: Comparison of Results with the

Two-Stage and One-Stage Methods.*
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It has been recognized for decades that
prothrombin disappears from blood during
clotting, but that traces of this clotting factor
may persist in serum for days(1). With the
development several years ago of the 2-stage
method for determining prothrombin in
fibrinogen-free systems(2), further studies of
prothrombin and the dynamics of clotting be-
came possible. One of us, using this method,
determined the rate of prothrombin consump-
tion during clotting of normal, hemophilic and
platelet-poor bloods(3,4). Originally, the
one-stage test could be used only for the study
of plasma, since no separate source of fibrino-
gen was provided. Recently this procedure
has been modified so that it can be applied
to serum(5). With the modified one-stage
test, serums from normal, hemophilic and
platelet-poor bloods have been investigated
by several workers. While the results seemed
to confirm in a general way the findings with
the 2-stage test, certain discrepancies were
apparent.

* This investigation was supported in part by a
research grant from the Division of Research Grants
and Fellowships of the National Institutes of Health,
U. S. Public Health Service.
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Vogel,

The present study was undertaken to com-
pare prothrombin utilization during clotting,
as indicated by the 2 methods, and to de-
termine, if possible, the basis for the dis-
crepancies observed. Simultaneous one-stage
and 2-stage determinations of prothrombin
activity were performed on a series of bloods
during and .after clotting. Normal bloods,
both human and dog, and a group of slowly
clotting specimens—canine hemophilic blood,
human platelet-poor plasma and normal blood
clotting in silicone-treated containers—were
studied.

Materials and methods. Three normal hu-
man subjects, 6 normal kennel dogs and 3
hemophilic dogs(6) were used in these ex-
periments. Blood was collected by veni-
puncture in 2 dry syringes. Four ml of blood
from the first syringe were mixed with 0.5 ml
3.2% sodium citrate solution and the control
plasma obtained by centrifugation. Blood
from the second syringe was distributed im-
mediately into a series of 10x75 mm dry
glass tubes calibrated to 2 ml (28°C). Peri-
odically, 0.25 ml of 3.2% sodium citrate was
added to each tube and the citrated serum (or
plasma) obtained by centrifugation (about
3000 g for 3 minutes).” For the silicone
experiments, silicone-treated needles, syringes
and calibrated tubes were used(7). Platelet-
poor human plasma was obtained as described
previously(7). One-stage and 2-stage pro-

6. Graham, J. B., Buckwalter, J. A., Hartley, L. J.,
and Brinkhous, K. M, J. Exp. Med., 1949, v90, 97.
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hous, K. M., Am. J. Phvsiol., 1949, v159, 316.



