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FLUID LOSS IN RATS WITH TOURNIQUETSHOCK'

By SIMONKOLETSKYAND GORDONE. GUSTAFSON
(From the Institute of Pathology and Department of Biochemistry, Western Reserve University

School of Medicine, Cleveland)

(Received for publication April 24, 1946)

Release of a high unilateral tourniquet produc-
ing complete interruption of blood flow to a hind
limb of the rat for about 5 hours almost invariably
results in fatal shock. The development of shock
is accompanied by progressive edema of the limb.
The main object of the following experiments was
to determine the magnitude and the rapidity of
the fluid loss in the injured extremity.

METHODS

Adult white male rats weighing about 150 to 300 grams
were used. These were anesthetized with sodium pento-
barbital, given intraperitoneally in dosage of 25 to 35 mgm.
per kgm. of body weight (0.3 to 0.4 ml. of a 2 per cent
solution). Circulation in the left lower extremity was
then entirely occluded by 2 tightly wound rubber band
tourniquets. The first was placed around the knee in
order to obtain extension of the leg. This facilitated the
application of the second tourniquet, which was placed
as high as possible in the groin, anchorage being obtained
over a redundant segment of skin drawn down beneath the
rubber band.

Constriction was maintained for 5 hours and 10 min-
utes, at the end of which time the rats were alert and
showed complete outward recovery from the anesthesia.
The animals were then sacrificed by decapitation, either
without release of tourniquet, or at fixed time intervals
after release, i.e., 15 minutes, 30 minutes, and 1, 2 and 3
hours. The experiments were performed with small
groups of rats sacrificed at different periods by random
selection, until there was a total of 20 rats for each time
interval.

In each group there were 1 or more control rats which
developed shock after removal of tourniquet and went
on to death. Since these yielded only little blood at the
time of death, an additional group of 11 rats was sacri-
ficed at 5 to 6 hours following removal of constriction, in
order to obtain sufficiEnt blood for chemical determina-
tions. In 18 rats sacrificed by ether at various intervals
after tourniquet release, the figures for fluid loss were of
the same order as those obtained from decapitated ani-
mals.

There were a few deaths apparently due to anesthesia.
In addition, several rats which chewed their leg before or
after removal of tourniquet were discarded. Food and
water were withheld for a period of about 10 hours be-

1 Aided by a grant from the Elisabeth Severance Pren-
tiss Foundation.

fore anesthesia was given, and also during the course ot
the experiments. The latter were performed at room
temperature during the summer and autumn seasons.

The amount of fluid lost in the leg following removal
of tourniquet was determined by the method of bisection
(1, 2). An anterior midline incision was made from
sternum to symphysis pubis and follow.ed by evisceration.
A similar posterior midline incision extended down across
the base of the tail. The spine was then transected at
about the level of the first or second lumbar vertebra, and
the lower extremities separated by bilateral paravertebral
incisions passing through the hip joints.

The difference in weight between the normal and the
edematous extremity gave the gain in weight of the latter
due to accumulation of fluid. For convenience, this
increase was expressed in terms of percentage of total
body weight.

In addition to local fluid loss, other items studied were:
(1) hemoconcentration, (2) total protein of edema fluid
and blood serum, and (3) blood serum creatine.

Hemoconcentration was measured by hematocrit (3)
with powdered heparin as anticoagulant. Control values
were obtained on all rats prior to application of tourniquet,
and again at the time of sacrifice. This afforded a com-
parison between progressive loss of fluid and hemocon-
centration.

Total protein was determined by the falling drop
method (4). Edema fluid was secured from the legs of
rats sacrificed at 2, 3 and 5 to 6 hour intervals following
release of the tourniquet. Incisions of skin, subcutaneous
tissue and fascial planes were made, and pale pink fluid ob-
tained on the surface of a scalpel blade by gentle pressure.
This was transferred to a small dish containing powdered
heparin to prevent clotting. Incision of muscle was
avoided in order to prevent contamination with blood.

Creatine was determined as follows: a Folin-Wu
filtrate was acidified to a final concentration of 1 N HCl,
and then autoclaved at 15 pounds pressure for 20 minutes.
After cooling, an amount of NaOH equivalent to the
HCl was added. The remainder of the procedure was
the same as for creatinine (5), the creatine level being
obtained by the difference in the 2 values.

Autopsies were performed on most rats, and sections
obtained from various organs for microscopic study.

RESULTS

Control rats. There were 15 control rats, all of
which died in shock following removal of the tour-
niquet. The period of survival ranged from 2 to
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23 hours, with an average of 7Y2 hours. Bisection
of 9 animals gave a mean increase in weight of
the injured leg equal to 4.8 per cent of body weight,
and a range of 4.3 to 5.7 per cent. Hemoconcen-
tration was marked at the time of death, the mean
levels of the normal and experimental hemato-
crits being 48.7 and 77.8 respectively. The nor-.
mal hematocrits ranged from 46.0 to 52.5, and the
experimental from 72.5 to 82.5.

TABLE I

Fluid loss

Percentage of body weight
Time of sacrifice after
release of tourniquet*

Mean Range

Nonet 1.1 0.8 to 1.4
15 minutes 2.1 1.6 to 2.6
30 minutes 2.8 2.3 to 3.5
1 hour 3.4 3.0 to 4.1
2 hours 4.2 3.4 to 4.7
3 hours 4.8 4.0 to 6.2

* 20 rats were sacrificed at each time interval.
t Rats sacrificed after 5 hours and 10 minutes without

release of tourniquet.

Local fluid loss. Table I shows the amount of
fluid, expressed as percentage of total body weight,
lost into the extremity before and at various time
intervals after release of tourniquet. The rate of
extravasation is indicated by the graph in Figure 1.

In rats sacrificed after a 5-hour and 10-minute
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FIG. 1. MEANFLUID LOSS

period of constriction with the rubber bands still
in place, the extremity showed a mean increase in
weight equal to 1.1 per cent of body weight. Pre-
sumably this was due to blood trapped in the leg
by the tourniquet, and also to the development of
edema proximal to the rubber band. Fifteen min-
utes after removal of the tourniquet, the mean
fluid loss amounted to 2.1 per cent of body weight,
rose to 2.8 per cent at 30 minutes, and then to 3.4,
4.2 and 4.8 per cent at 1, 2 and 3 hours respec-
tively. Thus, there was rapid loss of fluid in the
first 15 minutes following release of tourniquet, a
slightly reduced but still rapid extravasation dur-
ing the next 15 minutes, and thereafter a distinct
and progressive diminution in the rate of loss.
The increments in leg weight per 15 minutes fol-
lowing tourniquet removal were 1 per cent of body
weight in the first 15 minutes, 0.7 per cent in the
following 15 minutes, 0.3 per cent in the next
1/2 hour, 0.2 per cent during the second hour, and
0.15 per cent during the third hour.

TABLE II

Hemoconcentration

Normal Experimental
Time of sacrifice hematocrit hematocrit Increase
after release of . in hem-

tourniquet atocrit
Mean Range Mean Range

None 47.8 42 to 52 49.0 46 to 57 1.2
15 minutes 46.9 43 to 50 56.6 54 to 60 9.7
30 minutes 46.7 44 to 50 58.6 53 to 66 11.9
1 hour 47.5 43 to 51 61.7 59 to 68 14.2
2 hours 46.6 36 to 51 65.1 58 to 71 18.5
3 hours 47.9 45 to 51 71.3 62 to 83 23.4

Hemoconcentration. The mean values and the
range of experimental and normal hematocrits are
given in Table II. In rats sacrificed after 5 hours
and 10 minutes of constriction without removal of
the tourniquet, the change in hematocrit was vari-
able, i.e., either a slight rise or fall, or practically
no change. Although bisection of the 20 rats
sacrificed at this time revealed an average in-
crease in weight of the injured leg equal to 1.1 per
cent of body weight, there was an average increase
of only 1.2 in hematocrit. After removal of the
tourniquet the hematocrit rose sharply, and at the
end of 15 minutes there was a mean increase of 9.7
over the normal. At the end of 30 minutes the
mean increase was 11.9, and thereafter the values
rose to 14.2, 18.5, and 23.4 at 1, 2 and 3 hours
respectively.
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The greatest increment in hematocrit occurred
in the first hour after removal of tourniquet,
corresponding to the period of most rapid fluid
loss into the extremity. The increment was con-

siderably reduced during the next 15 minutes, even

though local fluid loss was still rapid. In the fol-
lowing 21/2 hours, as fluid loss diminished pro-

gressively, the hematocrit continued to rise slowly,
and after the first hour at the approximate rate of
1 unit per 15 minutes.

Total protein of edema fluid and blood serum.
The protein content of the edema fluid in the in-
jured leg was determined in 37 rats. This fluid
was obtained from animals sacrificed at 2, 3 and 5
to 6 hours after release of tourniquet, and the
mean values at these periods were 6.1, 5.7, and 5.4
grams per 100 ml. respectively. Such levels
amounted to approximately 68 to 80 per cent of
the corresponding values for serum protein (Table
III). The figures for the latter did not differ

TABLE III

TotaW protein of edema fluid

Number Grams per ml. Corresponding
Time of sacrifice ofNrats serum protein
after release of with de-

tourniquet termina-
tions Mean Range Mean Range

2 hours 8 6.1 5.2 to 6.9 7.6 7.2 to 7.8
3 hours 18 5.7 4.7 to 6.5 7.1 6.7 to 7.8
5 to 6 hours 11 5.4 4.9 to 6.5 8.0 7.6 to 8.3

appreciably at any of the time intervals after
tourniquet removal, and were also within the
range of determinations on 10 normal rats which
averaged 7.4 grams, and varied from 7.0 to 7.8
grams (Table IV). Thus progressive fluid loss
and hemoconcentration were not accompanied by
a significant rise or fall in serum protein.

TABLE IV

Total serum protein

Number of Grams per 100 ml.
Time of sacrifice after rats with
release of tourniquet determina-

tions Mean Range

None 19 7.8 5.9 to 9.3
15 minutes 19 8.0 6.2 to 10.2
30 minutes 13 7.9 6.6 to 10.0
1 hour 13 8.0 6.4 to 11.4
2 hours 8 7.3 5.9 to 8.4
3 hours 5 7.1 6.7 to 7.8

Serum creatine. Determinations of serum crea-
tine in 10 normal rats gave a mean level of 12.9
mgm. per 100 ml., and a range of 9.0 to 15.9. In
rats sacrificed after 5 hours and 10 minutes of
constriction of a hind limb with tourniquet still in
place, there was no significant change in this value,
i.e., in 19 rats the mean level was 10.9 mgm., and
the range 8.7 to 13.1. However, following release
of the tourniquet there was a rapid and steady rise
in serum creatine (Table V). This amounted to

TABLE V

Serum creatine

Number of Mgm. per 100 ml.
Time of sacrifice after Number of Mm
release of tourniquet tions M ag

Mean Range

None 19 10.9 8.7 to 13.1
15 minutes 19 20.1 16.7 to 24.7
30 minutes 13 27.4 15.9 to 34.3
1 hour 13 29.4 23.6 to 38.5
2 hours 7* 35.1 24.4 to 40.0
3 hours 5* 40.2 37.6 to 43.8
5 to 6 hours 3* 64.5 59.2 to 68.9

* Determinations made on pooled blood, usually from
2 or 3 rats.

an increase over the normal of approximately 100
per cent at the end of ½2 hour, 200 per cent at the
end of 3 hours, and 400 per cent between 5 and 6
hours. Again, the increment was largest in the
first 2 fifteen-minute periods following removal of
the tourniquet, after which a progressive rise was
maintained at a slower rate during the next 5
hours.

Serum creatinine was slightly elevated during
the course of the experiments, probably as a re-
sult of renal failure. From a mean level on 10
normal rats of 1.4 mgm. per 100 ml., the mean
values rose to 2.8 and 3.2 mgm., 1 and 2 hours
respectively after tourniquet release.

DISCUSSION

A high unilateral tourniquet applied to the hind
limb of a rat, maintained for about 5 hours and
then released, leads to the production of shock
which, without therapy, is almost constantly fatal.
Of 75 such experimental rats, 73 died within 24
hours, a mortality of 92 per cent. The time of
survival after release of tourniquet ranged from 2
to 23 hours, and averaged 7 hours. In 65 rats
the amount of fluid lost into the injured extremity
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at the time of death varied from 3.2 to 7 per cent,
and the mean loss was 5 per cent.

Although blood pressures were not recorded in
this study, the course of events prior to death was
typical of shock. Within 1 or 2 hours after re-
moval of tourniquet the animals usually began to
show apathy, weakness and neuromuscular de-
pression. These were progressive, and were fol-
lowed by pallor and lividity of paws, prostration
and respiratory distress, which became marked
shortly before death.

Edema. The quantity of edema fluid in the
injured extremity was determined by bisection of
the animal, utilizing the technique of Blalock (1)
modified by Hechter, Krohn and Harris (2).
Gain in weight of injured over normal leg gave
the amount of extravasated fluid. The method was
used originally by Cannon and Bayliss (6) who
severed injured and normal extremities across the
upper thigh. Parsons and Phemister (7) com-
pared the weights of the lower extremities, after
symmetrical amputation along the lines of attach-
ment to the innominate bones. Blalock's modi-
fication was designed to include groin, pelvis and
flank on each side, since edema occurs in these
regions as well as in leg proper. This undoubtedly
gave a more accurate estimate of the quantity of
extravasated fluid.

Bisection can be' performed with a fairly high
degree of accuracy. Cullen and Freeman (8)
separated the extremities of 15 normal dogs and
obtained an average difference in weight amounting
to 0.32 per cent of body weight. In 12 normal
rats we obtained an average error of only 0.18
per cent of body weight.

Moon's objection (9) to the use of bisection is
based on the fact that as fluid escapes into the af-
fected side, a simultaneous absorption occurs
from the tissues of the normal side, thereby de-
creasing its weight. Since the difference in weight
of the extremities includes twice the volume of
the fluid shifted, i.e., volume gained in one leg and
lost from the other, he claims that the error of
the method is doubled. Although this criticism
is valid, the estimated error is too large. The ex-
travasated fluid comes from the rest of the body
as well as from the normal extremity, the latter
probably contributing an amount roughly pro-
portional to its weight. On this basis, the figures

for fluid loss obtained by bisection are about 10
per cent higher than the actual values.

In our study, rats with unilateral tourniquet
shock showed a mean fluid loss of 5 per cent of
body weight at the time of death, which averaged
7 hours after removal of tourniquet. Similar
figures have been obtained for dogs in both tourni-
quet and traumatic shock by other investigators
who also used the method of bisection. In Bla-
lock's animals, fluid loss at death ranged from 4.1
to 5.1 per cent of body weight (1). Parsons and
Phemister's values were approximately in the
same range (7), while Holt and MacDonald (10)
reported fluid loss slightly in excess of 4 per cent
of body weight. In 13 dogs dead of tourniquet
shock, Wilson and Roome (11) stated that the
average increase in weight of the injured leg
was 3.54 per cent of body weight. Ashworth,
Jester and Guy (12) reported a value of about 4
per cent in shock produced by a combination of
tourniquet and trauma. Perlow and co-workers
(13) found a fluid loss of 4 to 6.1 per cent of body
weight in dogs following occlusion of the veins to
one hind extremity. Using a similar technique,
Schlesser and Asher (14) obtained figures rang-
ing from 3 to 8 per cent of body weight.

Fluid loss in shock has also been determined by
the method of immersion (15 to 17). Swelling of
the limb is obtained from the volume of fluid dis-
placed before and after injury, and at death. This
procedure fails to include edema fluid which col-
lects in soft tissues, especially pelvis and flank,
without causing expansion and hence gives values
lower than those obtained with bisection. A com-
parison of the 2 methods in dogs by Green and
associates (16) showed that the gain in volume
measured by immersion ranged from 63 to 88 per
cent of the difference in weight of the 2 extremi-
ties.

Nickerson (17) inserted dogs into a specially
constructed tank and measured gain in volume of
the traumatized extremity by the amount of water
drained from the tank. He reported that in fatal
cases the average swelling just after trauma was
4.1 per cent, and at death 4.8 per cent, of body
weight.

The rats in this study showed reactive hyper-
emia of the constricted leg almost immediately after
renewal of blood flow. Edema also appeared
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promptly, and was often detected grossly in the
paw within a few minutes. The entire leg then
underwent marked swelling, and progressive in-
crease in size was visible for about 1 hour follow-
ing restoration of the circulation. It was plainly
evident that a large quantity of fluid was lost
rapidly into the tissues of the limb.

At first, the edema fluid collected principally in
the leg below the site of constriction, and when
further expansion here was prevented by tissue
tension, there was overflow into the lower abdomi-
nal wall and flank. The fluid gravitated into the
fascial plane between subcutaneous tissue and
oblique abdominal muscles. As shown by the
curve in Figure 1, fluid loss was very rapid during
the first 1/2 hour after tourniquet removal, di-
minished during the next 1/2 hour, and then
leveled off distinctly thereafter. The mean loss
amounted to 2.8, 3.4, 4.2 and 4.8 per cent of total
body weight, 30 minutes, 1 hour, 2 hours and 3
hours respectively after the tourniquet was re-
leased. Haist and Hamilton (18) obtained a
similar curve in rats based on increase in volume
of the hind limbs following release of constricting
clamps. The progressive reduction in fluid loss is
what might be expected in tourniquet shock, be-
cause of the limiting factors of falling blood pres-
sure, increasing tissue tension, and high osmotic
pressure of the extravasated fluid.

The extravasation of fluid is due to capillary in-
jury resulting from the long period of total ische-
mia. Complete and prolonged anoxemia causes
marked increase in capillary permeability (19, 20).
Presumably this is brought about by the action of
chemical substances liberated locally by tissue
breakdown. Holt and MacDonald (10) state that
there is no evidence that such substances enter the
systemic circulation.

The edema fluid was usually pale pink, slightly
viscid, and resembled plasma. Hemorrhage was
minimal or negligible, as shown by gross and mi-
croscopic study. In this respect, tourniquet shock
differs from traumatic shock in which there is
usually considerable loss of blood in addition to
plasma.

Total protein, determined by the falling drop
method, ranged from 5 to 7 grams, which was ap-
proximately 68 to 80 per cent of the corresponding
levels in blood serum. The high protein content
of the fluid probably.. explains the lack of signifi-

cant change in serum protein despite marked he-
moconcentration. In dogs with tourniquet shock,
protein levels of the extravasated fluids have been
reported at slightly less (12) than or approxi-
mately the same as in blood plasma (21). Simi-
lar results are given for the edema fluid in mild
trauma (22), traumatic shock (23), burns (24),
and in experimental freezing shock (25, 26).

Protein fractionation was not done in this
study. However, Ricca and co-workers (23)
stated that the albumin to globulin ratios of edema
fluid from dogs dead of traumatic shock were
higher than the corresponding ratios in serum.
This was due to increase in albumin or decrease
in globulin, or both. The authors calculated that
much more protein, especially albumin, was pres-
ent than could be accounted for by the loss from
blood stream, and suggested that the extra
amount originates as a result of local liberation of
cell proteins from crushed muscle fibers. On the
other hand, Ashworth, Jester and Guy (12) work-
ing with dogs in shock due to tourniquet and
trauma, reported that the amount of protein lost
locally was only slightly in excess of the decrease
in plasma protein, i.e., loss in the leg amounted
to 34.2 per cent of the original circulating pro-
tein, while the loss from plasma was 32 per cent
of the control value.

Hemoconcentration was a uniform observation
in our experiments. Although poor correlation
has been reported (27, 16) we obtained fairly con-
stant changes in relation to magnitude of edema.
Hematocrit levels rose sharply during the first
15 minutes following release of tourniquet, cor-
responding to the period of greatest fluid loss,
less rapidly during the next 15 minutes, and
leveled off somewhat abruptly thereafter. In the
dog, aside from fluid loss, the initial rapid rise
may be due partly to contraction of the spleen
(21, 16) but whether this holds for the rat, whose
splenic framework lacks a significant amount of
smooth muscle, is uncertain. Cutaneous vaso-
constriction is probably a contributing factor in
the rat. In 65 rats the average hematocrit at
death was 70, an increase of 25 points over the
mean normal level. Terminally, the blood was
dark, viscid, and only a very small amount, i.e.,
about 1 ml. or less, could be obtained by decapi-
tation.

In addition to capillary injury, interruption of
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blood flow to an extremity for 5 hours leads to
marked tissue breakdown, especially of muscle.
Chemical decomposition, for example, is shown by
rise in serum creatine on resumption of circula-
tion. Bollman and Flock (28) found that total
anoxemia of muscle for more than 3 hours resulted
in almost complete and irreversible hydrolysis of
phosphocreatine. When circulation was restored,
resynthesis of organic compounds did not occur,
and both creatine and inorganic phosphates were
rapidly washed out by the blood. In our study,
serum creatine levels 30 minutes after tourniquet
release were increased approximately 100 per cent
over the normal values, and 5 to 6 hours after re-
lease the increase was about 400 per cent. In 8
dogs with traumatic shock Duncan and Blalock
(29) found that the plasma creatine levels 4 to 6
hours after trauma were considerably elevated in
3 animals, and slightly elevated in 5 animals.

Progressive degeneration of muscle was appar-
ent from microscopic sections made at intervals
after renewal of blood flow. There were dis-
ruption and fragmentation of fibers, separation into
longitudinal fibrils, loss of transverse striations,
and areas of granular degeneration. Some fibers
were deeply acidophilic or basophilic, while others
showed pale staining foci. Nuclear alteration in-
cluded pyknosis and lysis. Changes were some-
times evident as early as 15 minutes after circu-
lation was restored, and were well developed 2
or 3 hours later. In rats dead from 12 to 20 hours
after removal of tourniquet, some muscle fibers
showed hyaline necrosis.

Autopsies on control rats which died in shock
revealed marked hyperemia of the mesenteric
veins. Most organs were dark red, hyperemic
and not excessively moist. No free fluid was
found in the serous cavities. Microscopically
there was generalized hyperemia of viscera in-
volving capillaries and venules. Capillary hemor-
rhage was rare and usually absent. Focal necro-
sis and significant cellular exudate were not ob-
served. There was no evidence of widespread
tissue edema and pulmonary edema was notably
absent.

Parenchymal organs such as liver, adrenal and
kidney (especially the first), showed alterations
in morphology of the epithelial cells. These were
usually reduced in size, irregular in shape, and
sometimes appeared shrunken. Cytoplasm was

condensed, more deeply acidophilic, homogeneous,
and revealed loss of the normal foamy or granu-
lar appearance. Nuclei were often smaller than
usual, and pyknotic. In the liver, such changes
were commonly diffuse, although somewhat more
distinct in the central zones of the lobules. While
the significance of this lesion is uncertain, it
may be related to the loss of intracellular fluid and
other components in shock.

Autopsy studies of rats sacrificed at various
time intervals after tourniquet removal indicated
progressive development of the lesions observed
in the control animals. As a result, it was gener-
ally possible to distinguish between rats sacrificed
15 or 30 minutes after release of constriction and
those sacrificed at the end of 2 or 3 hours.

In these experiments, the magnitude and rapid-
ity of local fluid loss are sufficient per se to ex-
plain the development of shock. Experimentally,
comparable loss of blood (30 to 32) or plasma
(33, 34) to the exterior results in shock. In the
rat, shock is produced by withdrawal of whole
blood corresponding in amount and rate to fluid
loss by tourniquet (35). From the standpoint
of circulatory dynamics, the large extravasation of
fluid from the blood stream into the tissues of the
hind limb leads to decrease in circulating blood
volume, followed by diminished venous return to
the heart, reduction in cardiac output and fall
in blood pressure (36 to 39). Actual determina-
tions have shown that the reduction in blood vol-
ume which accompanies both tourniquet and
traumatic shock can be accounted for entirely by
the quantity of fluid lost in the injured area (40,
17, 12). The bulk of evidence now favors the
view, that, in these forms of shock, increased capil-
lary permeability and loss of fluid are local rather
than widespread (41, 40, 34).

Although there is convincing evidence that
shock is initiated by local fluid loss, secondary
or sustaining factors undoubtedly play a r6le in its
maintenance. These apparently arise in con-
nection with the metabolic disorders resulting
from prolonged tissue anoxia. Recent studies
(42, 43) indicate that a humoral vasodepressor
principle originating in liver and skeletal muscle
occurs in the blood in the later stage of shock.
Such depressor material tends to eliminate com-
pensatory peripheral vascular mechanisms in
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shock, and hence may be a significant factor in the
development of irreversibility.

CONCLUSIONS

1. Fatal tourniquet shock in the rat is associ-
ated with marked extravasation of fluid into the
injured hind limb.

2. The fluid loss amounts to 2.1 per cent of
body weight 15 minutes after tourniquet release,
and to 2.8, 3.4 and 4.2 per cent of body weight 30
minutes, 1 hour and 2 hours respectively after
release.

3. The magnitude and rapidity of the fluid loss
adequately explain the origin of shock. With-
drawal of whole blood in comparable amount and
at the same rate results in shock.

4. The development of shock is accompanied by
marked hemoconcentration and rise in serum
creatine. There is no significant change in total
serum protein.

5. Morphologic study of rats dead of tourniquet
shock reveals generalized hyperemia of viscera in-
volving capillaries and venules. Capillary hemor-
rhages are rare and widespread tissue edema does
not occur.
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