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INTRODUCT ION

Research dealing with changes in the blood coagulation system
as a result of psychological stress procedures appears to be rather
limited. Apart from the work of Cannon about forty yeers ago, and more
recent clinicel observations, the accumuleted experimental findings in
this area are few. However, each of the separste topics, blood coagul-
ation and stress, has aroused g:eat interest, and hence each is ;thgmsﬁ%ﬁ—
@ct of many .« articles.

This introduction will first give a systematic account in chron-
ological sequence of research that bears quite directly on the changes in
blood coagulation produced by psyehologieal stress. Then, will follow
accounts of the present views on stress and bloed co#gulation. In doing
this it will be much easier to see the nature and position of the present
problen,

William Hewson (26) in 1771 noted that hypercoagulability of the
blood followed hemorrhage snd stress. Vosburgh and Richerds (84) in 1903,
while studying changes in blood sugar levels of dogs after giving adren-
alin, observed that more rapid coagulation accompanied an increése in
blood sugar. Since the adrenslin had been applied to the pancreas, they
concluded that adrenalin acted in some way on the pancreas to alter coag-
ulation. In 1909 Wiggers (5-P133), also using dogs, and doing work on
the effécts of adrenslin on internal hemorrhage, did . not obtain the-same
results &8 Josburgh and Richards and found instead that adrenalin inject-
ed or added to the bloqd did not hagten coagulation. Two years later
von den Velden (5-P133) found that adrenalin decreased the blood coag-

ulation time in man. This he attributed to tissue juices entering the
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blood as a result of vasoconstriction of blood vessels. This is remin-
iscent of the work of Milain (28) in 1901 who found that blood obtalned by
pressure on the finger or ear (capillary puncture) showed a progressive
reduction in elotting time. This he believed was the result of an influx
of tissue julces. Dale and Laidlaw (5-P133) were not able to reproduce
von den Velden's results and found no change in eoagulation time when ad-
renalin was given orally. |

Aware of these inconsistent observationé, and seeing the relev-
snce of ehangés in coagulability from adrenalin to his work on bodily ch-
anges during pain and emotional excitement, Cannon did further work along
these lines. Using decerebrated cats, he gave subcutaneous and intrav-
enous injectiéns of adrenalin (9) and stimulated the splanchnic and sciatic
nerves (9, 8). Clotting times were measured by the graphic method devised
by Mendenhell and Cannon (7). Subcutaneous injections of adrenalin, after
a delay of as long as twenty miﬁates, produced a very considerable reduc-
tion in clotting time lasting as long as one hour. Most of Cannon's work
was done using intravenous injections of adrenalin since the rate and am-
ount entering the vascular system could be more accurately controlled.
§ith: this procedure, the response to small doses occurred after a briefbr
delay and lasted about 20-30 minutes. Cannon found that larger doses of
adrenalin usually produced an increase in blood coagulation time followed
sometimes by a reduction (6). Howell (30),working with dogs,obtained
similar results with larger doses of adrenalin. Since adrenalin may both
shorten and lengthen clotting time, Cannon postulated that two factors

were operating, one hagtening and the other retarding coagulation, and
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that the equilibrium between them was upset by adrenalin.

Cannon believed thet his results confirmed earlier findings that
a reduction of blood coagulation time oceurred when adrenelin was given
in proper dosage. However, he presented evidence against von den Velden's
conclusion that this wae due to tissue juices entering the blood from vas=
ocontriction. Work with the 'anterior animel! (circulation confined to
the anterior part of the body) revealed that some organ, probably the liver,
wag involved as well as adrenalin (6). Cannon reasoned that possibly the
liver furnished a factor for the clotting process and that adrenalin stim=
ulated the liver to discharge this factor. Grabfield (29) in 1916 suggest-
ed that minimal doses of adrenalin increase the amount of prothrombin in
the blood and hence the coagulation time is reduced. Further support for
this view that adrenalin in suitable amounts shortens coagulation time
came during the 1920's from work by Tekasaeki, Hirayama, La Barre, Hertman,
Mills, Necheler, and Chu (5).

Since the injected adrenelin altered blood coagulation, Cannon
was interested in seeing if increased adrenal activity would also do this
- (8). Tt had previously been shown that the splanchnic nerve provided
the sole innervation of the adrenal and that adrenslin was secreted when
the splanchnic was stimulated (5-P166). Cannon also claimed that during
pein and emotion the adrenals were reflexly stimuleted. Hence artifiecial
stimulation of the splanchnic in experiments wes duplicating what happen-
ed in the orgaﬂism during pain end emotions. Cannon found that splenchnie
stimulation was followed immedietely, or after a shart delsy, by a short-
ening of the coagulation time. By means of adrenalectomy he was able

to show that this effect wes produced through the adrenals. It was the
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influence of gdrenalin on the liver that ;roduéed this change.

o As a controlled experimental procedure to :$imulate pain Cannon
artifiecially stimulated the sciatiec nerve. This stimulation, or the pain
of surgical operation, resulted in faster elotting. It was noted that
some cats reacted violently and vigorously to being bound. This was used
as a means of studying the effects of emotional excitement. Again there
wag faster coagulation which Cannon attributed to the release of adrenal-
in. Thus, shortening of the blood coagulation time occurred when adren-
alin was either injected or released endogenously during pain or emotional
excltement. Cannon regarded this as one of the fundamental bodily changes
contributing to the individual's preservation and increased efficiency
in physical struggle.

Cole (16) in 1942 published a mreliminary study which showed a
marked decrease in blood eclotting time of rats following exposure to
sound five days a week for a period of several weeks started immediately
after weaning. However, his results are based on a small number of det~
erminations. In 1944 Ungar (83) working with guinea pigs obtained re-
sults similar to Cannon's work on pain. The difference was that Cannon
stimulated the seiatic nerve whereas Ungar traumatized the animal (pain
plus tissue damage). At six hours and, again, at three days after . .«
tréﬁm&mﬁzatﬁdm there was a marked shortening of bleeding time. After
eight days it had returned to normal. Moreau (51, 52) in 1948 found
electrical injury to the brain or legs of frogs resulted in liberation
of some substance into the blood having thromboplastic properties. In-
jury was followed by a slight decrease in coagulation time and then an

»

inerease.
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Thus,early experimental work showed that adrenalinjinjected or
endogeneous, in proper doses resulted in hypercoagulability of the blood.
It was suggested that sdrenalin acted by stimulating the produetion of
prothrombin in the liver. More recently, rapid clotting time has been
observed following audiogenic seizures and trauma.

Reports from the eliniecal field also reveal an alteration of
the blecod coagulation system due to the stress of swurgery and the emot-
ions of fear and anxiety. Since Dustints (71) original emphasis on post-
operaetive disease, a great deal of attention has been given to thrombosis
and thrombophlebitis. Sandrock (66) has suggested that increased prothrom-
bin activity on the second or third post-operative day is indicative of
impending venous thrombosis. Takats (82) has been especlally interested
in post-operative changes in the blood clotting mechanisms. He has sug-
gested that these changes are a manifestation of Selye's General Adapt-
ation Syndrome and has tried adrenalin pre-operatively to minimigze the
post-operative tendencles to thrombosis. Recently‘Sehneider (69) has
emphasized the significant role of emotional stress in the‘pathogeneaie
ofrthrombophlebitis. He found that patients prone to thrombophlebitis
exhibited a shortened clotting time during anxiety, fear, hostility,
and while discussing stressful topics.

Schneider (70) has also reported alterations in clotting'time
and relative viécosity as a result of stress procedurecs with people free
from thromboembolic symptoms. Using nofmotensive and hypertensive sub-
Jeets, he found in all people tested a marked shortening of elotting time
and prothrombin time following exercise. However, in the cold pressor

test only subjects showing a significant elevation of blood pressure dis-



-6 -

played shortening of the clotting time. Blood clotting chenges follow=-
ing a stress interview seemed also to go with an elevation of the blood
pressure. The same generel results are reported by Maecht (47) in study-
ing healthy persons in the blood bank of a hospital. Normal subjects
had an averege clotting time of 8.3 minutes, those judged as apprehen-
sive 3./ minutes, and the highly mervous and hysterical 2.2 minutes. It
was observed that the apprehensive and nervous groups also showed elevat-
ed blood pressure while at the blood bank. Schneidert!s conclusion 'that
‘shortened clotting time and increased blood viscosity are biologicelly
useful in stress where bleeding may follow as in mortal combat" (68-P831)
sounds much like Cannon's view regarding the adaptive nature of this
~reaction. However, the influence of newer concepts of stress ié seen
when Schneider continues "this pattern of response is made use of in the
hypertensive subjeet perhaps to his detriment in that these changes may
predispose to coronary and cerebral thromboses® (68-P.831).

Kast and co~workers (36) have recently published a study on
psychotic patients reeeiving Electroshock Therapy. The subjects were div-
ided into three groups. The first group received EST at appointed times.
The second group received identical treatment except that no electriec
current was applied. The third group suddenly received EST without an-
ticipating it. They found that both groups one and two showed a marked
shortening in blood clotting time, while group three remained normal.
They concluded that the anxious antieipation of Electroshock was essential
to produce changes in blood clottimg time ard not the eleetric current
itself. Hence it would appear thaet edrenocortical stimulation following

EST does not result from the electric current acting directly on the
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bypothalamus and pituitary gland. Rather, Kast claimed, adrenocortieal
stimulation follows ACTH production as a result of pltultary activation
by the adrenalin releeased during the emotional response. Thus Electro-
shoek is a non-specifie stimulus which can be replaced by any noxious
stimlus capable of arousing anxiety and excitement.

Another line of evidence for adrenocortical involvement in the
etiology of altered blood coagulation comes from elinical reports of
ACTH and cortisone therapy. Cosgriff (17) (18), Smith (78), and Garrett
(26) have reported hypercoagulability of the blood and thromboembolie
diseage following the administration of these hormones. Cosgrifffs (17)
case for this being due to a pre-formed thrombin molecule is highly quest~-
ionable. It is probable that the clotting of blood in a tube despite
nermally adequate oxalate is more related to the taking of the blood
sample than to a pre-formed thrombin. MeGraw (30) suggests that ACTH
tends to delay coagulation and that patients tend to develop thrombosis
when the therepy is stopped. Reconciliation of these opposing views &s
to the effect of ACTH on blood coagulation is probsbly found in Smith's
statement, "The alterations following these hormonel agents appear to
be ,in part, a function of both the initial level of adrensl cortieal act-
ivity and the integrity of the coagulation mechanism itself, which ex-
isted prior to the hormonal administration". (78-P. 296).
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STRESS

Stress is an orgenismic response which may be initiated by a
variety of stress agents or stressors. Selye (72) (73) has listed these
in a classification that covers a wide variety of physiecal, physiolog-
ical, and psychological agents. Not only are the initiating agents
varied, but the response also involves diffuse body changes. Important
among these are the enlargement of the adrenal cortex together with a
discharge of its lipid granules and, possibly, involution of thymus,
lymph nodes, and spleen. Often there is general tissue breakdown manif-
ested by gastro-intestinal erosions, inflammetion of arteries and heart,
hypertension, and behavioral disorders. Selye (73, 74) in his annusl
reports has reviewed the literature describing pathological changes in
various organs and systems of the body oceurring in respomse to differ-
ent kinds of stress agents.

Present knowledge points to the importance of the adrenal cor=-
tex in mediating the stress response. Many experiments have shown that
when the adrenal cortex is removed the stress response is inadoquate or
absent, and that under conditions of stress the activity of the adrenal
cortex is inecreased (15, 25, 50, 60). Hence methods of determining ad-
renal cortical activity such as (1) ascorbic acid depletion, (2) eosino-
penia, and (3) adrenal steroid levels in the blood and urine have been
of great importance (23).

 The adrenal cortex is itself activated by ACTH. This fact
has directed attention to the mechanisms activating the anterior pitut-

ary. Three possibilities have been noted: (1) a feedback mechanism,
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suggested by Sayers (69) in which the level of adremal corticoids cir-
culating ip the blood regulates ACTH secretion in an inverse manner.
During stress, the ecells utilize more corticoids, thus lowering thelr
circulating level, and there-by stimulating the anterior pituitary;
(2) a hormonal control mechanism in which some factor (Long (44) suggests
adrenalin) directly stimulates the anterlor pituitary; (3) a hypothalamie
mechanism in which a neurchormone, secreted by the hypothalamus, is
transported through the hypophyseal portal veins to the anterior pituit-
ary, where it has a direct stimulating action (31). In support of this
McCann (49) has found that lesions in the hypothalamus interfere with
ACTH secretion,

This pituitary-adrenocortical mechanism active in stress msy
be aroused experimentally by a number of physical and chemical agents.
Such agents as x-irradiation, frostbite, and injeciions of sodium chlor-
-ide or formaldehyde, result in cellular changes or alterations of the
cell environment. The stress response follows such damage. However,
the hormonal end hypothalamic control mechanisms suggest that this act~
ivation may not require direct alteration of cells, but might be init-
iated by emotional and cognitive responses which arise as a result of
interoceptive and exteroceptive stimuli. Thus in situations of anxiety,
excitement, or other strong emotions adrenalin is poured into the blood
in large quantities. This adrenalin then excites the anterior pituit-
ary. Similarly, higher cognitive factors involving perception of con-
flict and fallure with accompanying emotion can result in ACTH secret-

ion via their influence on the hypothalamus.



-10 -
Stress due to direct cellular damage as a result of physical
and chemical agents 1s hereafter called physiological stress. Stress due
to the action of exteroceptive and interoceptive stimuli mediated by cog-
nitive and emotional processes is hereafter called psychological stress.
Aside from the initiating agents, physiologieal and psychological stress
appear to be very similar. In each case the hyperactivity of the pituit-
ary-adrenocortical axis is involved, by which the organism may achieve
adequate adjustment, or some of the pathologic changes previously cited
may occur. The response to physiological stress agents is affected by
the mrevious history of stress and the present state of endocrine balance.
The response in psychological stress depends even more on individual dif-
ferences, constitutional and cultural factore, early conditioning, and
previous histery (1, 4, 10, 11, 12, 54, 55, 61, 86). These factors det-
ermine whether perceptual information is interpreted as threatening or

not (67) and whether the stress response will be adaptive or damaging.
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BLOOD COAGULATION

Reference has been made to the diffuse body response to stress.
This study has been concerned primaerily with the effects on the blood
coagulation system. Therefore it is important to examine what happens
when blood clots and where, according to the measures used in these ex-
periments, this syktem is sltered during stress.

The eclassical theory of blood coagulation had four factors:
prothrombin, thromboplastin, calecium, and fibrinogen (2). In the presence
of thromboplastin and calcium prothrombin is changed to thrombin whieh
then converts fibrinogen to fibrin, The change of prothrombin to throm-
bin has been called the conversion phase, and the change of fibrinogen
to fibrin the clotting phase.

It has been noted that Cannon suggested that the liver dischar-
ges a substance which hastens blood elotting and that Grabfield (27)
believed that this was prothrombin., For twenty years it has been known
that prothrombin production by the liver depends on the availability of
vitamin K. According to the classical theory it was believed that vit-
amin K deficiency led to a reduced formation of prothrombin only and
that since dicumarol was antagonistic to vitamin K it thus reduced the
available prothrombin circulating in the blood.

In the past decade other coagulation factors have been discov-
ered. This has necessitated a revision of theory. Figure 1 shows the
coagulation theory adapted for this treatment. The conversion phase
is no longer regarded as thromboplastin acting on prothrombin in the
presence of calcium. Rather it is assumed that thromboplastin activates

proconvertin (Factor V11) which it ehanges to convertin (20, 21).
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Convertin then transfers prothrombin to thrombin aided by accelerin
(Factor V). The precursor of aceelerin (pro-aceslerin) is probably
influenced by thrombin as it forms. According to this revised position,
deficiency in vitamin K would influence not only prothrombin productioﬁ
but also proconvertin. The use of dicumarol then alters the level of
both prothrombin and proconvertin, probably affecting the latter to a
greater extent.

It is necessary to give these details since the one-stage pro-
thrombin time was used as a measure of coagulability in these experiments.
This method measures the time for the conversion and clotting phases to
ocecur at a constant temperature when thromboplastin and ealcium are sup-
plied in excess. The one-stage method does not measure the amount of
prothrombin present, but the rate of thrombin formation (33). Variations
in prothrombin time depend on changes in the amounts of prothrombin,
proconvertin, pro-accelerin, and fibrinogen present in the blood. Fib-
rinogen is seldom a limitiné factor. Reduced amounts of prothrombin
can increase the prothrombin time, but the change is slight until the
reduction hag reached ten per cent of normal (56). Pro-aceelerin has
been described by Owren (57) as the limiting factor in a rare hemorrhagie
state called parahaemophilia. However, in most cases the one-stage
prothrombin time is a measure of proconvertin (56). This conclusion
is justified when the addition of proconvertin, using normal serum,
corrects the change (2). Dicumarol probably reduces both prothrombin and
proconvertin (33). A prolonged prothrombin time following stress may
result from reduction of both prothrombin and proconvertin. However,
as mentioned above, prothrombin time by the one-stage method is probably

more closely related to the amount of proconvertin.
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THE PRESERT PROBLEM

In 1951 it was reported that the anticoagulant drugs phenylin-
danedione (PID) and dicumarol delayed the onset of gangrene following
experimentd frostbite in rabbits (45). Further work in this laboratory
showed that frostbite produced an inerease in the prothrombin time of
rats, and in rabbits increased the effects of the antiecocagulant drugs.
Rabbits maintained on PID or dicumarol and exposed to frostbite showed
a greater increase in prothrombin time and a large number of deaths from
hemorrhage (46). It was suggeated that the effects of frostbite on coag-
ulation were not specific, but the result of a stress response.

The effects of other stress agents (Na€l, insulin, formaldehyde)
on the coagulation system were then investigated (13). All three stres-
sors produced an increage in the prothrombin time in rats, but not with
rabbits. In the case of rabbits thrombopenic drugs were required to
demonstrate that the coagulation factors had been affected. Changes in
the prothrombin time in the rat occurred as early as six hours after stress
and lasted for over forty-eight hours. Adrenalectomy eliminated these
effects, showing that following stress the adrenal gland is necessary
for changes to oceur‘in the coagulation system.

It is then clear that the changes in blood coagulation origin-
ally noted following frostbite are not specific for frostbite, but re-
sult from other physiological stress agents as well. The experiments
reported here extend the work on the effects of physiological stress
agents on blood coagulation to include psychological stress procedures.
They are also directed towards finding out more about hemorrhagic death

following stress.
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PROCEDURES
1. Forced Jumping - The Lashley Jumping Stand was used for training rats
in jumping and discrimination. Thespparatus consisted of a box with two
doors, and a stand wired so that electric shocks could be delivered to the
feet of rats that did not want to jump. The stand could be set at vary-
ing distances from the box. One group was trained to Jump to the door
with a white ecirele. This was done by comsistently blocking the door
with a black circle. When they jumped to the door with the white circle
they got in and received food. The second group was made to learn a place
habit which consisted of always jumping to the door on the right. The
test proper was done after the rats had learned the diserimination or
place habit and had had sufficient practice to establish the habit. On
the test day the rats were given' three or four successful jumps end allow-
ed to eat. Then both doors were locked and the animals forced to Jump
for a ten minute period during which they ususlly jumped thirty to ferty
times. They were shocked with the electric ecurrent if necessary. The
control animals were given a regular ten minute practice session.
2. Electrified Water Source - Rats were placed in individual cages wired
in such a way that they reeceived shocks when attempting to drink. One
electrode was attached to the cage, and the other was introduced into
the water through the rubber stopper of the water bottles. Sodium chlor-
ide was used as an electrolyte. The two electrodes were connected to
the regular A C supply through a vaeriable transformer which was set at
thirty-five volts. For two hours each morning the experimental animals,
as well as control animals were allowed to drink and were fed in ordinary

individual cages. The lights in the room were on during this time.
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Except for this two hour period, whenever the experimental animals at-
tempted to drink they received a shock. During this time the room was
derk except for a small light over the cages.
3. Sound Induced Seigzureg - (a) Rats were placed in a 12" x 10" x 10"
aluminum box which could be closed with a lucite lid. A Hartmann whistle,
connected to a source of compressed air, was introduced at one end of the
box. The whistle was adjusted to give & sound stimulus of 13,000 e.p«s.
The whistle was on for from two to five minutes depending on how quickly
seizures occurred. (b) For some experiments the above apparatus was
not used. Instead the whistle was t.urfxed on while the rats were in their
cages. Large rats in individual cages, or weanling rats in group cages
were brought into the room. The whistle was placed on top of the cage
and turned on.
4. Electroshock - An adjustable alternating current stimulator connect-
ed to the 110 volt line was used. Mierohm jelly was applied to the rat's
ears and small alligator clips were then attached. The current was put
on by means of a press key. As a means of confinement the animals were
placed in a 12" x 12" x 5" plastic box during the electroshock procedure.
5. Obtaining the Ssmples of Blood -~ The effect of these psychological
stress procedures was measured by doing a one-stage Prothrombin Time
test on blood samples after stress. The manner of taking samples and
measuring the prothrombin time were as follows:
(a) Cardise Puncture - While the rat was under light ether anesthesis
a two ml. sample of blood was taken from the heart using a 22 gauge need-
le in a siliconed syringe comtaining 0.2 ml. of sodium citrate.



-16 =
(b) Tail Vein Puncture - The rat was put under light etﬁer anesthesia.
The tail was placed in a beaker of warm water (45°C - 50°C) for about
one minute to dilate the veins. Using a 0.5 ml. siliconed syringe
and a 25 gauge needle, about 0.1 ml. of blood was drawn from the lateral
vein of the tail.
6. Determinations of Prothrombin Time -
(a) Modified Quick Procedure - Blood obtained by cardiac puncture was
centrifuged and the plasma removed. One tenth ml. of plasma was placed
in a test tube in a water bath set at 37°C. To this was added 0.1 ml.
of thromboplastin. After about fifteen seconds, 0.1 ml. of 0.02 molar
caleium chloride solution was quickly blown into the mixture, and the
stop-wateh started. At the first appéarance of a clot or fibrin threads
the stop-watch was stopped. The time recorded was teken as the prothrom-
bin time.
(b) Bed-side Prothrombin Time Determination - A modification of the
Schwager - Jaques method was used (34). One drop of thromboplastin was
Placed on a one and one-half inech wateh glass with a one-quarter ml.
syringe. To this was added one drop of blood from the tail vein sample.
The timer was then started and the blood stirred with the needle until
the clot formed. The iimer was immediately stopped and the protbrombin
time recorded in seconds.
7. Adminigtration of Dicumarol - Several experiments were done in which
stress and dicumerol were combined. Dicumerol made tﬁe effects of stress
mere apparent both in changes of mrothrombin time and mortality. Die-
umarol was edmrinlstered orally in the feed. This feed was the same as

the stendard colony diet, except that it was in powdered form instead
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of as pellets. The mixture was prepafed in lots of 600 gm with enough
dicumarol added to give a dosage of 10 mg./kg. or 20 mg./kg. of body
weight. The amount of this prepered feed was given according to weight
80 that a two hundred gram rat received 5 gm. of feed deily. The animals
were fed daily at 9.00 a.m. in deep-walled dishes to avoid spilling. Any
prepered dilet not consumed by the afternoon was welghed and additional
pellets of the standard colony variety added so that each rat received a
normal quantity of food.

8. Adrenelectomy - Rats were adrenalectomized to study the effects of
stress and of anticoagulant in such animals. The operation was performed
after the manner deseribed by D'Amour and Blood (21).

9. Drugs Used -

(a) Thromboplastin -~ 0.15 gm. of dehydrated rabbit brain thromboplastin
obtained from Cappel Leboratories was suspended in 4.0 ml. of 0.1 molar
sodium oxélete. This suspension was placed in a water bath at 45°C - 50°C
for fifteen minutes and then centrifuged. The supernatant liguid was
poured off and used in prothrombin time determinations.

(b) 0.9% sodium chloride - This was prepered by dissolving 9 gm. of
Na€l in 1000 ml. of distilled water, and kept as stock solution. Adren-
alectomized rets were given this to drink ad libitum.

(¢) Calcium chloride solution - a 0.02 molar solution of Cafl, was made
by disgolving 0.222 gm. of andydrous ealecium chloride in 100 ml. of
distilled water.

(d) Sodium citrate - & 3.8 per cent sointion of sodium citrate was made

by dissolving J.8gm.of sodium citrate in 100 ml. of distilled water.
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RESULTS AND DISCUSSION

The procedures used produce:. changes in the blood eosgulation
system of rats. The most obvious change is the increased variability of
prothrombin time, with some animéls showing a marked increase over
control levels, and others, a decrease. Consequently, the mean often
changes very little and results in the acceptance of the ﬁall hypothesis
when the t test is used. Yet the size of the standard deviation of exper-
imental groups is often much larger than that of comtrol groups. The
significanee of this change in variance may be tested by a procedure out-
1iaed by Edwards (22). This test for the heterogeneity of variance using
the F ratio has been extensively used in evaluating the data.

Foreced Jumping did not produce wild running and seizures as
some investigstors have reported (53). However, following such stress,
the animals were usually hyperactive. Rats varied in their reaction to
bumping into the door of the box and falling into the net below. Some
animals jumped more forcibly and with a shorter latency when the door
was blecked. Others did not want to jump, and were forced to move by
the administration of mild electric shocks to the feet.

Tabls I shows the effect of Forced Jumping on prothrombin time.
Twenty minutes efter a single exposure to such treatment the prothrombin
time was significantly increased over the prothrombin time of comtrol
animals. When these same animals were stressed for six days>by Forced
Jumping, the increase in prothrombin time taken twenty minutes after stress
xwas even more marked. Both t test and F test showed significance.
Ninety minutes after Forced Jumping the prothrombin time was not sig-

nificantly chenged. The group of snimals in which the blood samples were
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taken by cardiac puncture three hours following stress showed changes
in the variance of prothrombin times that were very:sighfificaat.

Thus it appears that Forced Jumping in the Lashley jumping
apparatus - produce@ changes in prothrombin time that are detectable
as long as three hours following stress. In most animals there is a
longer prothrombin time, but in some it is shorter.

Most of the animals in the Electrified Water Source Apparatus
became hyper-sensitive and over-active. When anyone came into the
little room where they were kept they ran about wildly in their cages,
often c¢linging to the walls and ceiling. Care had to be taken when the
door was opened in order to place food trays in the cage during the daily
feeding period. On at least one occasion rats jumped from the cage when
the door was opened and ran wildly about on the floor. Rats normally
approach the food as they are being fed or romaiz_x timidly at the back
of the cage, but do not jump out of their ecages.

The results of experiments with animals in the Electrified
Water Source Apparatus are shown in Table II. Blood samples were taken
by cardiac puncture on the fifteenth day after the animals were placed
in the apparatus. The mean prothrembin time was not significantly
changed. However, since one-half of the experimental animals had pro-
thrombin times either much higher or lower than controls the F test for
heterogeneity of variances was very significant.

The same experiment with five experimental and five control
animals in the apparatus for twenty-one days showed no changes im the
prothrombin time.
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peared no more excited than the controls. These rats were removed rout-
inely every other day to be weighed. It could be that the handling in-’
volved in this had something to do with their lack of response. There
was also some indication that the rats were not receiving shocks when
drinking, due to short circuiting of the current or the rusting of wires.

Table III shows the results when samples were taken from rats
which had just arrived after transportation for 1800 miles by reil.
These animals had food provided in the crates and were watered enroute
by ice being placed on the sereen which covered the top of the crates.
Yet, in spite of these precautions, nine of 50 rats shipped at this time
had died before arrival. It has been reperted that/the transportation
of snimals is an emotional as well as a physical stress (10). However,
no one has previonely‘reported that the blood eoagulation was altered
by the stress of transportation. Table III shows that by the F test
there was a significant change in variance. |

Rats vary in ineidence of sound induced seizures. There was
netieeéble variation in suseeptibility of the strains of animals used
in these experiments. One strain, for instance, showed 10 per cent sus-
ceptibility and another strain 20 per cent susceptibility. The response
is also affected by the degree to which the animals are permitted ex-
traneous or manipulative behavior during the sound stimumlation (29).
Thus rats that began to seratech or lieck themselves in a somewhat unusual
mepner never had seizures. Rats put into new surroundings often tended
to explore the situation, and were less prone to react violently to sound.
Presumably manipulatory or substitute behavior reduces tension, permits

channeling of the aroused state into some sort of response, and this
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facilitates handling of the situation (32).

The excitability of the nervous system seems to be important in
the occurrence of sound seizures (79). Thus excitant drugs such as met-
razol, coremine, caffeine and sodium bensoate, whiech increase the irrit-
ability of the nérveus system, increase the susceptibility to seizures
(35, 65, 77). Metra%ol used in these experiments in sub-convulsive doses
(2.5 to 3.0 ml. per 100 g. body weight) made it possible to convulse near-
ly all rats exposed to sound.

The sound induced seizures were very much 1ike those so com=
pletely deseribed by Finger (24). There was a startle response when the
sound was turned on, often even though no seizure occurred. When seizures
occurred they usually started with a sudden burst of violent running.

This was followed by the tonie, clonic phases. A comatose period then
occurred lesting as long as one-half hour, during which the animal was
very pasgive and limp and could be molded into any shape. Some animals
did not go into a pessive phase following the convulsions proper, but
hopped stiffly and violently about the side of the box or cage on hind
legs. It was hoted that once the seizure began the intensity of the sound
necessary to continue the phenomenon was considerably less then that re-
quired for its imitiationm.

In the case of drug-facilitated sound seizures the running was
more violent and much shorter. This has been reported before (35). The
convulsion wes mrobably more severe also, since a number of deaths oceur=~
red during or immediately after the geizure. The convulsion proper of

the metrazol-facilidatédsound seizure began when in the course of wild
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running the rat flopped on its side with ite four legs drawn toward the
front of the Body in a tonic fashion. The front legs were brought down
tight and stiff sgainst the chest. Gradually the hind legs moved towards
the tail and then began to vibrate and quiver in the elonic phase. A4ll
this time the eyes were closed tightly and the shape of the head dis-
torted by the continuous tension of the muscles. Following this the
sequeneé took one of two forms similar to the behavior described for
sound induced seizures. Either the animsl remained very passive and limp
with its body obviously relaxed, or it begem hopping stiffly about on its
hind legs. In each case the animals generally breathed deeply and rap-
idly for 15-30 minutes after the seizure, and seemed to have difficulty
in getting enough oxygen.

There was no uniform shift of prothrombin time after a single
exposure to sound. However, at 13, 3, and 6 hours after such stress
some rats had a prothrombin time that was longer than normal and others
shorter. It is shown in Table IV that at these times the variances were
significantly different. Of the twenty-four experimental enimals having
samples taken 3 and 6 hours after exposure to séund, twelve were more
than two standard deviations from the mean of the controls. It is per-
tinent that about equal numbers were longer and shorter. After 12 hours
the prothrombin time was normsal.

The results of a series of experiments in whieﬁ single drug-
facllitated sound seizures were used are given in Table V. Twenty-four
hours after such a stressor the F test was significant. These results

are similar to those obtained with a series of drug-facilitated sound
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seizures. However, there was no change at six hours and seventy-two
hours. Because a number of rats disd during or immediately following
seizures, samples were taken from a few animals about fifteen minutes
after being convulsed. The prothrombin time was significantly longer.

It seems unusual that the prothrombin time was significantly
changed fifteen minutes and twenty-four hours after such stress, but
not after six hours. This probably has something to do with the phasic
nature of the changes following stress. In the language of Selye (72).
it eould be that at the transition from the Alarm Reaction to the Stage
of Reslstance there is a period when changes from the physiological
normal sre minimal. Thus a rat that at first had & lengthened prothrombin
- time may later have a shortened prothrombin time, and vice versa. It
follows then that a period when no prothrombin time change is evident
could be preceded and followed by significant changes.

Nearly 20 per cent mortality was reported in animals having
single drug-facilitated sound seizures. On the basis of a limited num-
ber of cases it appears that the mortality is higher when a series of
such seizures &®& given.

The pathological reports on rats dying after drug-facilitated
sound seigzures indicated generalized congestion @8 the lungs, liver, and
kidneys. Examination of other animals following death revealed enlarged
livers as well., It is probable that congestion and/or hemorrhage occur-
red as a result of most drug facilitated sound seizures, as there was often
laboured breathing and traces of blood from the nostrils. In view of

the damage to the liver it seems quite logical that the prothrombin time
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should be longer immediately following seizures, since the liver is the
probable site of prothrombin and mroconvertin production. Later, per-
haps at twenty-four hours, the prothrombin time of some rats is shorter
due to increased resistance on the part of the animal. These results
regarding the effects of sound seizures on blood coagulation are not

in complete agreement with another report in which it was found that the
clotting time was reduced from 114 sec. to 35 sec. following sound seis-
ures (16).

Electrically induced seizures sre very similar to sound induced
seizures (80). For this reason and since the strains of rats used were
not very susceptille to sound induced seigures, it was decided to use
Electroshock (ES) extensively. It is also a relatively simple procedure
which can be done under fairly constant conditioms.

The strength and duration of the electric ecurrent required to
econvulse rats was found to be fairly constant. The instrument was set
at 130 to 140 volts and the current put on for 0.4 - 0.7 seconds. When
the current was put on the rats made a violent start, often Jumping i1
into the air. Sometimes there were raplid movements of the legs. When
the convulsion began the animal rolleé on itsvside with its hind legs
forward, front legs back along the chest, eyes tightly closed, back ar-
ched, and sometimes with the mouth widely open. Frequently there was
erection, ejaculation, and usually urination and defecation occurred.
After about ten seconds the back straightened somewhat and the hind legs
were brought down and stretched out along the tail, the front legs re-

maining along the chest. This lasted for about five to ten seconds dur-
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ing which the muscles were in tonie contraction and the back, legs, and
tall quivered. Then gradually the body relaxed and the eyes opened. The
animals remained on their side for a little while or lay quietly in the
cage when returned. Within two or three minutes they assumed a semi=-
erouch posture which made them appear defensive and defiant. They were
hypersensitive for some time. The breathing was rapid and the eyes pro-
truded. After about thirty minutes appearance again seemed normal.

The nervous system is of prime importance in the stress response
to ES, Thus a number of reports indicate that rats under anesthesia do
not display seisures from ES (59, 77), and no changes in the size of the
adrenal gland result (63). Im‘these exp eriments; rets which were given
ES while under ether anesthesia showed some movement of the upper part
of the body while the current was on, but no seizure occurred. It
appears that the activation of the pituitary adrenal-cortical axis fol-
lowing ES (15, 25, %0, 460) is mediated via the nervous system by means
of the hypothalamie mechanism; and that anesthesia by depressing active
ity in the CNS blocks this mechanism.

The literature contains evidence that the adreﬁals of feral
rats are much larger than those of domesticated animals (62). Since
fewer feral rats display grand mal seiszures as ecompared to tame rats
(79), it has been suggested that the size of the adrenal is directly rel-
ated to the resistance to seizures. If this W& so, adrenalectomized
animals should be convulsed easier or with a weaker current than rats with
adrenals intact. However, this does not seem to be the case since ad-
renalectomized rats convulsed with ES in our experiments did not differ

from others in susceptibility or response.
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The effect of a single ES on the prothrombin time of rats is
shown in Table VI. This experiment was done using male rats weighing
225 = 300 gm. The stress of a single ES showed a signifieant change in
the prothrombin time when samples were taken after one and one~half hours.
Again there was no uniform shift, some rats had a longer prothrombin
time, and otherd a shorter prothrombin time. A single ES administered
to smaller animals weighing 130 to 160 grams did produce a significant
difference in prothrombin time means. These results are reported in
Table VII. Since the animals were small, it seems likely that ES con-
stituted a more severe stress for them and that the hypocoagulability
reflected damage to liver and kidney.

The prothrombin time changes at various times after ES have
not been worked out very well. However, on the basis of preliminasry ex-
periments it was found that at one and one-half hours the change was
maximal.

Attention dquring the course of this resesrch has been directed
to the occurrence of hemorrhage and mortality in rats exposed to stress.
Hemorrhage or hemorrhagic death is a good index of an altered state of
the coagulation system.0f 52 weanling rats exposed to sound for two to
three minutes daily for three weeks, thirteen died. Post mortem examin=-
ation revealed congested lungs, haemothorax, and gastro-intestinal
congestion. Such stress had another interesting effect on these young
rats. Four groups of these animals were given the following treatment:
Group A - gentling (64, 85, 86) ten minutes daily for three weeks,
Group B - control, Group C - gentling and exposure to sound daily for

three weeks, Group D - exposure to sound daily for three weeks. 4ll
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gréups were matched for weight, the pre-treatment means of each group
being 48 grams. Six weeks after weaning the mean weights weres Group A -
154 gm., Group B - 132 gm., Group C - 136 gm., Group D - 137 gmn. The
rats of Group A were significantly heavier than the controls (t = 5.8,

p 0.01). This confirms results reported by Weininger (89) on the effects
of gentling on weight gain. Sound alone did not produce a reduction in
welight, but it did nullify the bemeficial effects of gentling.

Drug-facilitated sound seizures produced a number of deaths
which occurred during or immediately following convulsions. These anim-
als showed hemorrhagic symptoms. The patholegieal.reports given in the
appendix, on two of these rats indicate that the lungg Livewrs, =nd kidneys
were especially affected.

Rats occasionally died of hemorrhage when blood samples were
taken by cardiac puncture following stress. After repeated administrat-
ion of ES rats showed a lengthened prothrombin time and many deaths from
cardiac puncture. The mortality in rats from eardiac puncture following
a single ES is shown in Table VII. The mortality is significantly high-
er than that of control animals receiving only cardiac puncture. Mort-
ality from ES and cardiac puncture was markedly reduced when rats had
received stress and cardiac puncture two or three weeks previous. In
fact the number of deaths was less than that from cardiae puncture alone
in control animals. It was found that it was the previous cardiae punc-
ture and not the previous stress that produced this reduced mortality.
This finding has a very practical application in that it shows that it
is not expedient to use rats in stress experiments if they have had

blood taken by cardiac puncture.
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In order to make these procedures more sensitive to changes in
the coagulation system and more effective in producing hemorrhage and
mprtality the enimals were fed small doses of dicumarol. Such doses
ordinarily do not produce hemorrhage in rats. However, stress along
with the anticoagulant can produce appreciable hemorrhage. It is suggest-
ed that the degree of stress and the dosage of anticoagulant probably bear
an inverse relationship as shown in Figure 2. Thus as the intensity of
the stressor is increased the dose of dicumarol required to produce hem-
orrhagic death is less. . |

A large number of rats were fed 10 mg./kg. of dicumsrol daily
in their feed for five days. ES was administered to some of the animals
on the fourth dey and blood samples teken one and one-half hours later
by cardiac puncture. Table VIII shows that with new rats the mortality
was significantly highér in those receiving dicumarol and ES than in
those getting only dicumarol. The prothrombin time of the stressed group
wag also very significantly longer. However, when animals receiving pre-
vious eardiac puncture were used, stress did not increase the prothrombin
time or mortality.

Work is continuing at the present time on the effects of stress
in rats fed different doses of dicumarol. The tail vein method of ob-
taining blood samples hae made it possible to follow the prothrombin time
in rats over a period of time without encountering the effects of cardiaec
puncture on the stress response. An experiment has been completed on about
one hundred animals. At present another group ef sbout the same gize is
being studied.
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This research is designed to examine the effeets on blood
coagulation, especially on hemorrhage and mortality, of different dos-
sges of anticoagulant combined with different forms of stress. First
102 rats were standardized on dicumarcl at a dosage of 10 mg./kg. of body
weight. This consisted of feeding them dicumarol in their feed daily
for eight days, and taking samples of blood by tail vein puncture on days
four, six, and eight. Prothrombin time determinations by the Schwager-
Jaques method (34) were made on these samples. The rats were then judged
as reactors or non-reesctors, depending on the level of prothrombin time
recorded for the three days. A reactor was considered to be any animal
that had an increase of at least one hundred per cent in the prothrombin
time on days four, six, and eight. It was found that 21 of 102 animals
were reactors. Of these 21 reactors, six died of hemorrhage during the
standardization. The 15 resctors on 10 mg./kg. of dicumarcl, along with
15 non-reactors, were divided into the various groups for stress proced-
ures during which they were fed 10 mg./kg. The remaining 66 non-reactors
were then st#ndardized on dicumerol at 20 mg./kg. On this dosage five
died, 38 were judged as reactors, and 23 as non-reactors. These rats were
again fed 20 mg./kg. of dicumarol and divided into groups for stress pro-
cedures. The various experimental groups weres (1) dicumarel,
(2) dicumarol and ES, (3) dicumarol and sound seisnres, (4) dicumarol and
ES while under ether anesthesia, (5) adrenalectomy and ES, (6) adrenal-
ectomy, dicumarol, and ES, (7) adrenalectomy and dicumarol, (8) ES,
(9) sound seizures.

A complete statistical analysis of the results of this exper-

iment will not be made until the second section of the work is completed.
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However, a number of interesting trends appear when the results from the
first hundred animals are examined. In Figure 3 it is clear that for the
four types of rats, resctors and non-reactors at 10 mg./kg. and reactors
and non-reactors at 20 mg./kg., the prothrombin time after adrenalectomy
is very much higher. Thus in the 20 mg./kg. reactors the prothrombin
time on dicumarol after adrenalectomy was, on days six and eight, 350% of
the initial standardigzetion. Animals not receiving dicumarol had normal
mrothrombin times. A11 of the sixteen adrenalectomized animals fed die-
wmerol eventually died, most of them between day five and day eight. It
did not seem to matter whether animals received stress or were reactors.
The important thing was being fed dicumarol. Post mortem examinations
showed hemorrhagic symptoms.

This marked rise in prothrombin time of adrenalectomized rats
fed dicumarol hﬁs two possible explanations. One is that the adrenal cor=-
tex is necessary, indirectly, in the synthesis of proteins, and that since
the adrenals are removed the level of proteins necessary in cosgulation
is reduced. The second explanation is related to the work of Kramar and
others (39) in which it was found that capillary resistance is permanently
lowered after adrenalectomy. For example in the rat the resistance drops
from a normal of 60-70 mm.Hg. to & value of 5 mm. Hg. In hemostesis
there are three lines of defence: (1) the coagulation of the bleed,

(2) agglutination of platelets and blood cells, (3) comstriction of blood
vessels and decrease in permesbility. If one of these defenses is def-
ective adjustment can still be made. However, if two of these are impaired
it is unlikely that hemorrhage can be prevented. The adrenalectomized :

rat on dicumsrol has two of these defenses affected since both the coagul=-
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ability of the blood and capillary resistance are lowered. This accounts
for the hemorrhage and death. But why is the prothrombin time higher
during the pericd when dieamaroi is fed to adrenalectomized rats than

it was on the initial standardization? This is probably due to the ten-
dency for blood to escape through the vessels having reduced gapillary
resistance (41). Prothrombin, pro-convertin, and other factors of blood
coagulation are utilized in checking the escape of blood. A reduction
of these factors is reflected in a longer prothrombin time.

‘ The second interesting observation from Figureka is that
reactors at 10 mg./kg. have a prothrombin time on the second feeding of
dicumarol which is only 50 per cent of the first, and the non-resctors
st 20 mg./kg. have a prothrombin time on the’seeond feeding about 175
per cent of the first. In other words, hyper-reactors at 10 mg./kg.
have become reactor and non-resctors at 20 mg./kg. have become reactors.
4 total of 12 reactors fed 10 mg./kg. dicumarol and 15 non-resctors fed
20 mg./kg. dicumarol show this trend. As yet there is no explanation
for this. Any elucidation of these changes must swait further understande
ing of what is involved in & rat being a reasctor or a non-reactor.

The results show that the stress of ES or sound seizures has
increased the prothrombin time on the sixth day, when the samples were
taken one and one-half hours after exposure to stress. This is in agree-
ment with the results given in Table VIII, where it was shown that new
rats (without previous cardiac puncture) on dicumarol aﬁd receiving ES
had a significantly longer prothrombin time than those on dicumarol
alone, when samples were taken one and one-half hours following ES.

Figure 3 shows the interesting fact that in the case of reactors at both
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dosage levels of dicumarol the prothrombin time is even longer on day
eight, 48 hours after stress, than it was on day six. Thus, in reactors,
stress increased prothrombin time with the change lasting for at least
48 hours. In non-reactors, rrothrombin time following stress was shorter
on day eight than on day six. The mortality data in Table IX provide
further evidence that the effects of stress were more severe for the
reactors than for the non-reactors. This is not so apparent in animals
fed 10 mg./kg. dicumarol in which 1/12 reactors and 0/12 non-reactors
died. However, when dicumarol was fed 20 mg./kg., 10/21 reactors died
following stress while only 2/11 non-reactors died (t = 2.46, p< 0.02).
When ES was given while the animals were under ether anesthesia the
effects of stress measured by prothrombin time change and mortality wexe
reduced.

This research shows that following stress the prothrombin time
may be longer or shorter depending on such things as the severity of
stress, time after stress, and individual differences. Severe stress,
such as drug-facilitated sound seizures and stress over a period of time
such as dally exposures of young rats to sound, produced hemorrhagie
death. Stress administered while rats were fed thrombopenie drugs resul-
ted in increased prothrombin time and mortality. It is not clear how
stress acts in produeing these changes. Cannon's claim that adrenalin
stimulated the production of prothrombin in the stressed animals is not
an adequate explanation. The hormones of the adrenal cortex are probably
more involved in the stress response than adrenalin. Recent work has
shown that capillary resistance exhibits phasic changes in the stress
response. At certain times the capillary resistance falls to a low level

and remains low for some time (37, 38, 39, 40, 41, 42). This has been
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called the capillary crisis. The part played by the adrenal cortex in
this regard is not eclear. However, since the capillary resistance falls
to a low level after adrenalectomy the adrenal cortex must play a vital
pert in regulating capillary permeability. During stress two things
happen which are in some way related to the aﬂrenal cortex. There is an
increase in prothrombin time and a reduction of capillary resistance at
éertain times. This reductioﬁ in eapiliafy resistance has been attribut-
ed to & hypo-secretion of cortisone or to the antagonism of Semsietro-
phic hormone on cortisone (38). If fhese chenges are brought about in
rats whose coagulation system is already altered by thrombopenic drugs,
hemorrhagic symptoms result. Adrenalectomy apparently reduces the eap-
illary resistance to such a low level that stress meskes no difference
in this regard. Consequently, adrenslectomized rats fed dicumarol in-

evitably die of hemorrhage whether stress is given or not.
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SUMMARY AND CONCLUSIONS

Procedures including Forced Jumping, Electrified Water Sourcs,
Transportation, Sound Induced Seizures, and Electroshock were used in
studying the effects of psychological stress progedures on the blood
coagulation system in the albino rat. Both prothrombin time and mortal-
ity were used as indices of an altered coagulability. The thrombopenic
drug, dicumarcl was'used in a number of experiments because it made the
effects of stress on both prothrombin time and mortality more pronounced.
The use of the tail vein puncture together with the Schwager-Jaques
Method of mrothrombin time determination made it possible to follow the
prothrombin time for a considerable time and opened up :many possibilities
for future research.

Prothrombin time was increased when blood samples were taken
a short time after exposure to severe types of stress. Significant
inereases in mean prothrombin time were also obtained when stress was
given with an anti-coagulant. Usually, however, the altered coagulab-
ility was reflected in a greater hetercgeneity of variance due to some
animals having a longer prothrombin time and others shorter.

Hemorrhagic death wes observed in comneetion with stress. Mor-
tality occurred following drug-facilitated sound seizures, exposure of
young rats to sound for a number of days, after ES and cardiae puncture,
after stress in rats receiving prothrombopenic drugs, and in adrenalec-
tomized rats fed anticoagulant.

Changes in the prothrombin time and hemorrhagic deaths are

related in some way to the adrenal cortex. It is suggested that since



both stress and adrenalectomy reduce the capillary resistance, stressed
and adrenalectomized rats fed prothrombopenic drugs have two means of hem=

ostasis impaired and hence are not able to maintain hemogtasis.
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TABLE I

EFFECT OF FORCED JUMPING ON PROTHROMBIN TIME IN RATS

Blood samples by cardiac puncture.

Time interven- . - Tests of
ing between ‘ No, of Animalsg Control - ) Significance .
stress and tak- ProthrombimTime | Prothrombin Time
ing blood Control Expt'l | Mean _S8.D, Mean S.D. Mean _ Variance
tw2.5 Few39
2G mino 3 5 2407 004 28.4. 2047 p < 005 P(ol@
% min"’ 3 5 2809 201 29.0 401 t- 091 F = 4
P>.10 p>.10
3 hrs.® 4 5 16.6 0.7 20.6 7.2 t = 7 P =100
p>.10 p<.0ol |
20 min* ¥ 3 5 24.5 .84 32.6 4.8 t =26 F= 328
p<.05 p <.05
x Others by tail vein puncture.

- -



TABLE II EFFECT OF ELECTRIFIED WATER SOURCE PROCEDURE

ON PROTHROMBIK TIME IN RATS

Ireatment

Control
Expttl
Tests of

Significance

No. of Prothrombin Time in Seconds
Animsls Mean _S.D,
10 17.7 1.2
10 18.9 3.5
t = 1.03 Fa8.5
p> 0.10 p < 0.01




- 47 -

TABLE III FROTHROMBIN TIME IN RATS AFTER STRESS DUE
TO TRANSPORTATION

Prothrombin Time in Seconds
Trestment No. of Animals Mean S.Ds
Control 12 29.1 1.2
Expt'l 12 28.7 3.0
Tests of t = .43 Fa=613
Significance p>.10 p £ .02

Samples by tail vein puncture.

" g




TABLE IV EFFECT OF SINGLE EXPOSURES TO SOUND ON PROTHROMBIN TIME IN RATS

Timex

1% b =

3 hr.

éhr.

Control Exptfl Tests of significance
Prothrombin Prothrombin
1l _No. of Animals Time in Seconds | Time in Seeonds
| _Control Expt'l | Meen S.D. {Mean _ S.D, Moan Yariapnce
6 6 2504 1.70 26.1 5000 t) = 047 F = 8.6
p>.10 P .05
15 14 14.3 0.95 14.3 2.49 t= 0 Fwéb.9
Pp < 01
8 10 13.6 Go“ 14.2 1.82 t = 091 F = 17-4
P > .10 p £ 0.01
5 5 13.3 0.62 13.1 0.63 t = .23 F=e 1
p >.10 p > .10

x Time intervening between stress and taking of samples of blood.

mx Blood samples by tall vein punctures.




TABLE V EFFECT OF SINGLE METRAZOL-FACILITATED SOUND SEIZURES™ ON PROTHROMBIN
TIME IN RATS

Tests of
o, ] significance
Time | Coptrol FExpt'l |Mean S.D. | Mean  S.D. Meogn Varience
15 min, 5 5 16.3 0.4 23.5 2.6 t =6 F = A2
p<0.01 p< .01
6 hro 9 7 16.3 007 1506 loe t = 1049 F = 2
p>0.10 p> .10
24 h!'. 8 8 14.6 0065 1402 1Q66 t = 03 F ] 7a3
72 hro 5 4 1608 0¢83 1603 106 t = 03 F = 307
p> .10 pd .10
x Rats sensitized with metrazol (0.3 c¢c/100 gm. body weight) so that seiszures would
occur to sound.
uxx Time intervening between seizure and taking of blood semple.
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TABLE VI EFFECT OF A SINGLE ELECTROSHOCK ON THE
PROTHROMBIN TIME IN RATS™

Prothrombin Time
' ' ‘ in Seconds
Ireatment No., of Animals Megn S.D.
Control 8 29.1 1.4
Electroshock 12 28.3 4.3
Tests Of t = 0051 F = 907
Significance p> 0.10 p< 0.01

x Samples by tail vein puncture. 1% hours after stress.




TABLE VII.

EFFECT OF ELECTROSHOCK ON FROTHROMBIN TIME AND MORTALITY IN
RATS HAVING PREVIOUS CARDIAC PUNCTURE AND NO PREVIOUS CARDIAC PUNCTURE

Treatment

Prothrombin Time Tests of Siggificancd

(1) control - ¢.p.

(2) New rats given
ES and c.p.

(3) Rats receiving stress
+ Cc.P. 2 weeks before
given ES and c.p.

Mo C. S.B. Mean Variance | Mortality | Significance
14.2 0.% 4/16
(1) and (2) (1) and (2)
16.3 2.52 t = 3.18 F = 20.5 14/22 A= 4.6 5
[ ]
(1) and (3) (1) and (3)
, 15.3 0.8 t=10.9 F=2.1 2/11 Aw 142
p< .01 p > .10 p > .10
(2) and (3) (2) and (3)
t = 1018 F = 909 A - 5.9

P> .10 p< .01 p £ .02




TABLE VIII PROTHROMBIN TIME AND MORTALITY FROM CARDIAC PUNCTURE IN RATS RECEIVING

DICUMAROL AND ELECTROSHOCK

New Reats

Rats having
revious e.p.

Prothrombin Time

in Seconds
Dicumarocl Dicumarol + ES
Mean S.,D. | Megn S.D,

(a) 22.8 8.7 | (b) 41.5 27.%

[(e) 23.5 9.25| (d) 23.1 10.7

(a) 11/29 = .38 (b) 32/50 = .64

(e) 13/47 = .30 (d) 12/37 = .32

Comparing (a) and (b)
t = 402 ] p< 0.01
F- 10, p< 001,

For (a) and (b), difference
between two percentages.
t = 2.36; p< .02.

- 28 =
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TABLE IX MORTALITY FOLLOWING STRESS IN RATS FED DICUMAROCL

egtment

Dicumarol
Dicumarol + ES
Dicumarol +
Sound Seizures
Dicumarol + ES
While Under Ether
Adrenolectomy

(1) EBs

(2) Dicumarol

(3) Dicumarol + ES

0/3
1/3

0/3

0/3

2/2

Dieumarol 10 g.[_lgg.
BReactors gog-reggtogg

0/3
0/3

0/3

0/3

2/2

1/1

Dicumarol 20 mg./Kg.
Reactors JNon-reactors |

1/9 0/4

5/10 1/6

2/2 0/0

3/9 1/5

0/3 0/3

2/2 3/3

3/3 2/2




Rat 1.

Rat 2.
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PATHOLOGICAL REPORT ON RATS DYING OF SOUND SEIZURES

(2)

Mieroscopics

Lungs - There was very marked vascular congestion and
oedema with small patehes of perivascular and
intra-alasolar haemorrhags.

Liver - mild central vein area congestion.

Kidneys - were the site of mild chronie pyelonephritis.

(v) Diagnogis

(a)

(b)

1. Acute pulmonary ocedema.

2. Acute passive congestion of
(a) lungs - marked
(b) liver - slight

3. Petechial hemorrhage of lungs

4. Chronic pyelonephritis.

Mieroscopics

Lungs - were markedly congested and there were several
intra=- and sub-pleural recent petechial.

Liver - moderately severe central vein area congestion
and marked fatty degeneration of the portal zones.

Kidney - moderate vascular congestion, also present was a
considerable degree of acute pyelonephritis.

Diagnogis

1. Acute passive congestion of viscera

2. Petechial hemorrhage of lungs.

3. Fatty degeneration of liver - marked portal

4. Acute Pyelonephritis.
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