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ABSTRACT

CARDIOTOXIC FACTORS RELEASED FROM THE CANINE JEJUNUM

By

John Thomas Senko

Plasma samples from dogs subjected to irreversible hemorrhagic shock
were assayed for cardiotoxic substances in the Langendorff isolated
guinea pig preparation. Blood samples were obtained from the femoral
artery and jejunal vein of hemorrhaged animals (35 mmHg for 3 hours then
retransfusion of shed blood) and sham shock control dogs. The guinea pig
heart was a sensitive bioassay, detecting cardiodepressant activity in
shocked canine plasma diluted 1:10 with Krebs-Ringer-bicarbonate
perfusate. Depressive activities were not detected in either the arterial
plasma (-0.07 + 5.0 Cardiodepressant Activity, CDA) or the jejunal venous
plasma (-9.0 + 3.0 CDA) before hemorrhage. Significant increases of CDA
were observed in the jejunal venous plasma (+20.0 + 7.0 CDA, p<0.01) after
the heniorrhage proceedure but were not observed in the arterial plasma
(+#10,0 + 4,0 CDA) after hemorrhage. Sham shock control dogs did not show
significant changes in CDA throughout the experiment. Cardiotoxins as
detected by the Langendorff guinea pig bioassay are released into the
canine circulatory system during hemorrhage and the intestine may be one

of the sources of these toxins.
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Introduction

A number of clinical and experimentally induced states, those
involving acute or chronic injury, are characterized by a gradual erosion
of the cardiovascular system. When these insults are of a severe
intensity and of sufficient duration, a state is encountered in which
corrective measures are no longer effective. The vital body functions are
compromised to such an extent that the state becomes self-sustaining and
culminates in complete collapse of the circulatory system (Zweifach and
Fronek, 1975). This is the irreversible shock syndrome.

Hemorrhage has been widely used to induce a state of shock and if
allowed to progress for sufficent time, ultimatly leads to death. The
loss of circulating blood volume from hemorrhage sets into motion a
sequence of compensatory reactions that ultimately results in
underperfusion of body tissues. The body responds through humorally and
neurally mediated compensatory mechanisms, which bolster the falling blood
pressure in the short run but when sustained may exacerbate the shock
syndrome (Chein, 1967). A relatively precise control of tissue prefussion
and tissue ischemia is allowed by hemorrhage and, therefore, over the
underlying initating factors of irreversible shock.

Three general concepts have been advanced to account for the
development of irreversible hemorrhagic shock. These include impairment

of capacitance function, decreasing cardiac performance and the effects of



cardiotoxic factors. The experiments in this study were conducted to
determine if cardiotoxic substances are released from the shocked canine

intestine.



I. Literature Review

A. Introduction

A number of reviews are available on the topic of hemorrhagic shock,
and two symposia, one edited by Selkurt (1961) and the other by Hinshaw
and Cox (1972), give good overviews. Wiggers book on the physiology of
shock (1950), though samewhat dated by recent findings, is still one of
the best analyses of experimental hemorrhagic shock and cardiovascular
changes occuring during the course of hemorrhage. Chein (1967) offers a
comprehensive review of the role the sympathetics play in shock. Zweifach
and Fronek (1975) discuss the peripheral and central factors opperating in
irreversible hemorrhagic shock. Finally, lLefer (1978) presents data for

the involvment of cardiotoxins in irreversible shock.

B. Experimental Hemorrhagic Procedures
1. Types of Procedures

The procedures used to produce hemorrhagic shock fall into two broad
categories, the "single withdrawal" model or the "Wiggers fixed
hypotension" model. To produce shock by hemorrhage one needs to reduce
the effective blood volume and blood flow through tissues to the proper
degree for a sufficent peroid. As Wiggers (1950) stated, only in this way
"can a slow and gradual wreckage of the cellular machinery be
accomplished." If the bleed out is too fast, death results prematurely
from respiratory or cardiasc failure; if it is to slow, shock may not occur
(Wiggers, 1950). The degree and length of the hypotensive period needed
to produce irreversible shock depends on the experimental animal. The

state of health, sex, age, etc. of the research animal can influence the



progression and severity of the shock state. The biological and
physiological characteristics of the research animal need to be taken into
accownt when choosing a hemorrahgic model in order to understand the
relative importance of the mechanisms leading to irreversible shock
(2weifach, 1961).

The single-withdrawal model is an attempt to duplicate clinical
conditions. A fixed volume of blood is withdrawn, usually an arbitrary
predetermined percentage of the circulating blood volume, and then the
animal is allowed to compensate (Walcott, 1945). In this model the blood
volume removed is controled while the arterial blood pressure fluxates
independently. The major disadvantage of the single-withdrawal model is a
variable hypotensive peroid, the result of natural variations in the
compensatory adjustments of research animals to the blood loss.

The Wiggers technique (Wiggers, 1942) or one of its modifications is
the most common procedure used to produce hemorrhagic shock. In the
Wiggers model, blood is withdrawn to reduce the mean arterial blood
pressure to a predetermined level which is maintained by appropriate
bleeding s or transfusion of the shed blood. After a set period of
hypotension the shed blood is returned to the animal. Lamson and DeTurk
(1945) modified this bleeding technique by hemorrhaging into a reservior
connected directly to the arterial system. The level of hypotension in
the animal is set by the height of the reservoir. Fluxations of the
arterial blood pressure are prevented by automatic bleed out or "take up"
of blood from the resevior.

The stages of irreversible hemorrhagic shock as named by Wiggers
(wiggers, 1950) are summarized in Figure 1. Hemorrhage creates a shock

state characterized by low blood volume and is named oligemic shock.



Figure 1.

Diagram of the stages of experimental hemorrhagic shock as
described by Wiggers (1950). Bleeding and reinfusion of blood
(% of body weight), mean arterial blood pressure (MABP) in
mmHg, and hematocrit (Ht) in % of control are shown from the
inital hemorrhage to death of the animal.
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Oligemic shock was divided by Wiggers into three stages; (1) simple
hypotension, (2) impending (preirreversible shock) stage and (3) critical
or irreversible stage. The three stages indicate progressive increases in
the severity of the shock state. The uptake of shed blood by the animal
is referred to as retransfusion and signals that the animal is in the
impending stage of oligemic shock. After a fixed percentage of the shed
blood is taken up by the animal or after a set peroid of oligemic
hypotension, all remaining shed blood is retransfused and the blood
pressure allowed to fluxate freely. With the return of the shed blood the
animal is in a state of normovolemic shock.

Normovolemic shock can also arbitrarly be subdivided into three
stages. Initally, after retransfusion of shed blood, the animal is in a
normovolemic compensatory stage in which the circulating blood volume is
near normal and the blood pressure is stable but below control levels.
Slowly the blood pressure begins to fall, marking the entrance into the
progressive or declining stage which is a transition to the terminal stage
characterized by a rapidly falling blood pressure, ending in the death of
the animal. Wiggers (1950) defined irreversible hemorrhagic shock as a
falling blood pressure with a near normal blood volume after the oligemic
hypotensive peroid.

The Wiggers model is reliable and reproducable in producing
irreversible hemorrhagic shock. The loss of blood volume by hemorrhage is
the primary disturbance. By controlling the mean arterial blood pressure,
the tissue prefusion and the degree of ischemia in tissues can be
controlled as well. The Wiggers proceedure was designed to produce
irreversible hemorrhagic shock and to observe what componets of the

circulatory system have or are failing after return of the shed blood.



2. Indices measured in hemorrhagic shock

The most reliable criteria to judge experimental shock is the
absolute survial of the animal after induction of shock. Relative
"survival™ measures the time from a point of reference, usually hemorrhage
or reinfusion, to the death of the animal. Changes in this length of
time, positive or negative, are a measure of changes in the severity of
the shock state. Most results from hemorrhagic shock experiments are
reported using relative survial (Zweifach and Fronek, 1975).

The most readly obtainable hemodynamic parameters measured in
hemorrhagic shock are arterial blood pressure, central venous pressure,
heart rate and hematocrit. More difficult measurements, but good indices
with which to evaluate myocardial dynamics, are cardiac output and
intraventricular pressure (Selkurt and Rothe, 1961).

The close relationship between blood supply and cell metaboli sm
during hemorrhagic shock are reflected in metabolic indices. The most
commonly measured parameters are blood levels of enzyme activities,
lactate-pyruvate ratios, pH, and pCO2 (Mela, 1978). These parameters may
give a measure of the type of metabolism, whether aerobic or anaerobic,

and can give a indication of cellular death and degradation.

C. Circulatory Sequence in Response to Hemorrhage
1. Early hemorrhagic shock

The responses of the cardiovascular system and the responses of the
sympathetic nervous system to the inital blood loss are summarized in
Figure 2. Decrease in blood volume immediately result in a fall of
arterial pressure, and as regional tissue flow decreases, the tissue pO

2
decreases. The body responds to the severe blood loss and tissue ischemia
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by activating mechanisms which make compensatory adjustments to the
decreased blood pressure. These adjustments may be temporally life
saving, but they protect central body functions at the expense of the

splanchnic and peripheral circulation.

2. Sympathetic system response to hemorrhage

Beginniné with a loss of blood greater than 10 to 20% there is a
narrowing of the pulse pressure and a fall in mean arterial blood pressure
(Chein, 1961). The falling pressure reduces afferent nerve impulses from
the baroreceptors in the carotid sinus and aortic arch. The medullary
cardiovascular center released from baroreceptor inhibition, increases
sympathetic efferent activity to the heart and blood vessels. Volume
receptors in the large arteries and veins undoubtly play a role in severe
hemorrhage, but the nature of this role is unclear (Milnor, 1974b). The
predaninate effect of the baroreceptor mediated sympathetic discharge is
an increased heart rate and vasoconstriction.

The falling blood pressure also leads to a decreased blood flow
through the carotid and eortic bodies. This in turn produces a stagnant

hypoxia in these bodies. With decreases in pO, and increases in pcoz. the

2
chemoreceptors in the carotid and aortic bodies increase their rate of
firing. The increased chemoreceptor discharge stimulates the respiratory
center to a greater degree than the cardiovascular center. There is
little increase in cardiac sympathetic impulses, but there is a
stimulation of sympathetic vasoconstrictor fibers from chemoreceptor
stimulation. The predaninate effect of chemoreceptor stimulation is an

increase in the respiratory rate (Berne and Levy, 1977).
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The medullary cardiovascular center normally integrates baroreceptor
and chemoreceptor reflexes and is the major site of integration for
sympathetic discharge after hemorrhage. The cerebral cortex,
hypothalamus, and spinal cord are also known to participate in the
integration of sympathetic discharge and may function in hemorrhage
(Milnor, 1974b).

The adrenal medulla is the major source of catecholamines from
sympathetic activation, augmented by release of norepinephriné’from nerve
terminals. Farnebo et al. (1979), found by lowering the mean arterial
blood pressure in anesthetized rats to 35 mmHg for 4 hours, the
norepinephrine and epinephrine levels were raised from basal plasma levels
of 0.97 and 0.54 nmol/1l, respectively, to about 17 mmol/1 at 4 hours for
norepinephrine and 60 nmol/1 at 4 hours for epinephrine.

Hemorrhage with less than a 10% loss in circulating blood volume does
not significantly increase the heart rate. With a greater loss of blood
volume, reflex tachycardia is produced primarly due to vagi inhibition and
increases in sympathetic activity (Chein, 1961). Sympathetic nerve
activation and released circulating norepinephrine cause an increased
heart rate by acceleration of spontaneous depolarization in cardiac
sinoatrial node pacemaker cells (Marshall, 1974). Cardiac sympathetic
impulses also produce increased rates of tension development and fiber
shortening in the ventricular myocardium which raises the stroke volume,
and, together with the increasing heart rate, the cardiac output is raised
(Marshall, 1974). The positive inotropic effects of sympathetic impul ses
are often masked by other changes in circulatory parameters during
hemorrhage. Chein (1967) sites several factors which may operate to

decrease myocardial contractility as severe oligemic hypotension is
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maintained: (1) myocardial anaerobiosis from marginal coronary flow, (2)
decreasing sympathetic impul ses and myocardial catecholamine content, (3)
decreased myocardial reactivity to circulating catecholamines, and (4)
effect of cardiotoxic substances from the splanchnic circulation.

Sympathetic ectivity increases the resistance of vessels to blood
flow and decreases the total capacity of the circulation. Non-neural
factors such as increased blood viscosity (hematocrit changes), plasma
protein concentration, and rate of blood flow can also increase resistance
by passive mechanisms (Berne and Levy, 1977). In addition lowering blood
pressure may increase resistance by lessening distending forces or may
decrease resistance through local autoregulatory processes
(Haddy et al., 1968). Therefore resistance changes after hemorrhage
cannot solely be attributed to sympathetically mediated vasoconstriction.

The effect of hemorrhage on vascular capacity is most acutely
exhibited in the venous system since approxmately three fourths of the
total blood volume is contained in the veins (Milnor, 1974a). Hemorrhage
causes the moblization of blood from the central blood volume by the
combination of passive response of lowered transmural pressures and active
sympathetic venomotor activation (Milnor, 1976b).

The differential vasamotor effects of sympathetic activation results
in a redistribution of cardiac output. Generally in response to a large
inital hemorrhage there is a decrease in flow and an increase in
resistance within the skin and muscle (Haddy et al., 1968). Increases in
resistance and decreases in flow are most marked in the renal and superior
mesenteric beds (Fell, 1966). In anesthetized monkeys, Fursyth et al.,
(1970), reported that by removing 50% of the circulating blood volume, the

flow in the kidneys decreased from a control flow of 961+265 ml/min/100g
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to 108+81 ml/min/100g, and flow to the gastrointestinal tract decreased
fram a control flow of 105420 ml/min/100g to 27+20 ml/min/100g. A varity
of methods have shown a decrease in coronary resistance with falling
arterial pressure as the coronary vessels attempt to maintain adequate
flow (Chein, 1967). The cerebral flow, like the coronary vessels,
autoregulates c;:ver a wide range of arterial pressure and is little
influenced by the autonomic nervous system. The cerebral blood flow
autoregulatory response can be abolished with mean arterial blood
pressures below 50 mmHg and with extreme hypotension the cerebral blood
flow decreases (Kovach and Sander, 1976).

The changes in splanchnic flow are very important in the patho-
physiology of irreversible hemorrhagic shock. The resulting ischemia has
been implicated as one of the causitive factors in the cellular disruption
that results in the elaboration of cardiotoxic factors (Lefer, 1973).
Acute rapid hemorrhage that decreased aortic pressure from 120 to 60 mmhg
was found by Chou et al. (1976) to significantly decrease total wall flow
in all segments of the G.I. tract from the stomach to the colon. They
also found that with hemorrhage flow was redistributed away from the
mucosa only in the stomach. Blahitka and Rakusan (1977) using micro-
spheres in rats reported that after removing 45% of the circulating blood
volume, the splanchnic flow was consistantly decreased, reaching a low of
29% of control 60 minutes after the end of hemorrhage. These same
investigators found that the fraction of the cardiac output to the
splanchnic region tended to decrease as the time after hemorrhage
increased. Fell (1966) reported that hemorrhage to 35 mmHg for 3 hours
decreased flow throwgh the mesenteric circulation to near zero levels and

produced more than a fivefold increase in resistance. With prolonged
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oligemic hypotension the decrease in flow tends to became more severe and

the elevation of mesenteric resistances more pronounced (Selkurt, 1958).

3. Late Hemorrhagic Shock (Decompensation)

With severe and prolonged oligemic hypotension, the increased cardiac
output and vasoconstriction are no longer able to maintain the arterial
blood pressure. The compensatory mechanisms of the animal begin to fail
and the shed blood must be replaced or the arterial pressure falls.
Wiggers (1950) stated that the continued uptake of blood is practically
synonymous with irreversible shock. He concluded that the critical stage
occurs "for one of two reasons: either the compensatory mechanisms fail
or new conditions are produced that cause a further reduction of venous
return and cardiac failure". Chen (1967) sited evidence that with the
beginning of uptake there are decreases in sympathetic nerve impulses,
circulating catecholamine concentrations, and total peripheral resistance;
but he also stated that the decreases in cardiac output, total peripheral
resistance, and plasma volume in prolonged hypotension may be due to

humoral and metabolic factors.

4, Irreversible Hemorrhagic Shock

As has been previously stated, irreversible hemorrhagic shock was
named because after prolonged and severe hypotension the lowered blood
pressure of the animal is non-responsive to volume replacement, whereas
earlier, the shock state can be reversed by retransfusion. The overriding
feature of irreversible hemorrhagic shock is a falling blood pressure in
face of replacement of the blood volume deficit. There are three general

concepts that have been advanced over the last 40 years to account for
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irreversible hemorrhagic shock. These are: (1) impairment of capacitance
function or venous pooling, (2) decreasing cardiac performance or
contractility, and, more recently, (3) metabolic disturbances and
cardiotoxic factors.

From the 1940's into the 1950's the dominate emphasis shifted from
peripheral meeﬁanisms. involving stagnant hypoxia and decreased venous
return, to central cardiovascular performance with decreasing myocardial
contractility as the predaminate influence responsible for
irreversibility. Though Simeone (1961) sited electrocardiographic
evidence, cardiac muscle circulatory depression, and derangement of
myocardial metabolism as indicative of failure of the heart in oligemic
hypotension, he still concluded that it was reasonable to doubt the heart
as the major cause of irreversibility and gave decreasing venous return é
greater importance in the development of irreversibility.

Crowell and Guyton (1962) determined cardiac output curves of normal
dogs and cardiac output curves of dogs in successive stages of
irreversible hemorrhagic shock. Early in shock, normal cardiac output
curves were reported but; after retransfusion and the development of
irreversiblity, curves indicating cardiac failure were always recorded,
and successive curves indicated progressive development of cardiac
fallure. When cardiac output was kept constant by increasing the blood
volume, right and left atrial pressures rose to extremely high levels as
shock progressed, confirming the cardiac failure seen in the cardiac
output curves. They stated that irreversibility was due to progressive
cardiac failure but that the cause of the cardiac failure was unknown.

Using the Wiggers procedure, Rothe and Selkurt (1964) found in

anesthetized dogs that just prior to retransfusion there was a significant
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decrease in heart rate as compared to the heart rate at maximum bleedout,
but at this stage they found no evidence of further cardiovascular
impairment. They observed cardiac depression to be a significant factor
only in severe prolonged hypotension. In moderate hemorrhagic hypotension
they found reversible cardiac and peripheral vascular damage which when
corrected by transfusions prevented the death of the animal from
hypotension. They concluded that irreversible hemorrhagic hypotension is
the result of decreased cardiac output from inadequate cardiac filling.
rowell and Guyton (1962) were partially correct, myocardial depression is
a factor in the development of irreversibile hemorrhagic shock but the
depression is not seen until at least 20% of the shed blood is returned
(Fothe, 1970).

An increase in venous compliance resulting in decreased venous return
has been a commonly stated hypothesis for the cause of irreversible
,hemorrhagic shock. Green (1961), summarizing the available literature,
stated that the discrepancy between blood volume and vascular capacity was
the cause of the decreased venous return and therefore cardiac output. A
complicating factor in evaluating vascular capacity is the choice of the
research animal. The dog has a sphincter-like muscular region in the
effluent hepatic vein that is highly sensitive to vasoactive substances
(2weifach, 1961) which could result in splanchnic pooling in the dog.
Rush (1972), reviewing the literature, found the question of blood pooling
acceptable as a feature of hemorrhage but its importance in hemorrhagic
shock unresolved. Although a number of investigators have sought to
delineate the possible role of venous pooling in irreversible hemorrhagic
shock, it has not been demonstrated that the venous capacitance system

plays a significant role in the initiation of irreversibility during
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either the hypo- or normovolemic phase of experimental hemorrhagic shock

(Zwei fach and Fronek,1975).

D. Origin of Cardiac Toxins

Evidence for cardiotoxic substances in the blood of animals in
hemorrhagic shock began to appear in the literature in the 1940's and
continued sporadically for the next 20 years. Katzenstein et al. (1943)
reported that thoracic duct fluid from animals in tramatic shock could
produce a fall in blood pressure in recepient dogs. Ravin et al. (1958)
assayed for toxic factors in the plasma of shocked dogs with reversibly
shocked rabbits. They reported that infusion of plasma from a dog in
irreversible shock into shocked rabbits was lethal to the rabbits, whereas
infusion of plasma from control animals lead to recovery of the reversibly
shocked rabbits.

The dramatic changes in splanchnic circulation during hemorrhage had
lead investigators to suspect these changes played a role in irreversible
shock. Selkurt (1958), while investigating the role the liver plays in
irreversibility, hypothesised that hemorrhage creates conditions in the
intestinal bed that favor production and release of material toxic to the
cardiovascular system. In 1966, Brand and Lefer reported that the plasma
of cats in hemorrhagic shock depressed the contractility of isolated cat
papillary muscles, and they named the suspected toxic substance
"myocardial depressant factor™ (MIF). Since these early beginnings,
cardiotoxic factors have been reported in hemorrhagic, splanchnic
ischemic, endotoxic, cardiogenic, tramatic, acute pancreatics, burn, and

septic shock (Lefer, 1978).
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1. (haracteristics and Production

A varity of cardiotoxic factors have been identified and studied.
There is remarkable consistancy among the factors with regard to sites of
origin, size, and biological actions, which leads to the possibility that
the different investigators are dealing with the same compound or family
of compounds.

On the cellular level, the lack of adequate oxygen tension leads to
a shifting to alternative modes of energy production, namily anaerobic
glycolysis. Eventually prolonged hypoxia leads to a derangement of the
energy producing mechanisms of cells (Schumer and Erve, 1975). Mn acute
injury, such as hemorrhage, causes a decreased oxygen consumption and
energy metabolism. Glycogenolysis is elevated and a hyperglycemia and
lacticacidemia are observed, the extent of which may be directly related
to the level of injury (Fleck, 1976). Crowell (1970) found that the
decreased metabolism during hypotension was directly related to inadequate
oxygen supply and not decreased oxygen demand. It is the difference
between demand for oxygen and the availablity of oxygen which is the
precursor for the tissue distruction seen in hemorrhage. Mela (1979)
found that the primary metabolic injury to Srain mitochondria with
incomplete ischemia was a irreversible damage to the membrane system
responsible for respiration and energy production. Ferguson et al. 1972
reported disruption of pancreatic lysosmes with hemorrhagic hypotension
and the release of lysosomal contents was associated with cellular
distruction. The disruption of lysosamal membranes was also implicated in
splanchinc arterial occlusion shock (Glen and Lefer, 1970a). Due to these
disruptive mechaniams, blood borne cardiotoxic subatances have been

reported to contribute to the circulatory breakdown in hemorrhagic shock.
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Lefer-Glenn's factor, myocardial depressant factor, is a small
dialyzable peptide, molecular weight 800-1000 daltons, of pancreatic
origin (Lefer and Martin, 1970a, 1970b) that has been identified in most
forms of shock and from a range of research animals (Lefer, 1978).
Myocardial depressant factor produces depression of myocardial
contractility in isolated cat papillary muscles (Lefer et al., 1967) and a
negative inotropic effect in isolated prefused cat hearts (Thalinger and
Lefer, 1971). Myocardial depressant factor also constricts superior
mesenteric arterial strips thereby establishing a positive feedback
mechanism leading to the formation of greater amounts of the factor by
further decreasing splanchnic blood flow (Glucksman and Lefer, 1971).

Reticuloendothelial depressing substance (RDS), Blattberg-Levy's
factor, is a dialyzable and transferable substance formed during
splanchnic 1schenia and hemorrhage (Blattberg and Levy, 1962), which are
characteristics in common with MIF. The main biological effect of RIS is
a depression of the phagocytic ability of the reticuloendothelial system
(Blattberg and Levy, 1966).

Nagler-Levenson's factor, passively transferable lethal factor
(PTLF), is interesting in that it is not a small peptide and is not formed
in the splanchnic region. Passively transferable lethal factor is a large
molecule, MA> 10,000, formed in the blood stream by the action of white
blood cell enzymes, and also depresses ventricular function (Nagler and
Levenson, 1974).

A number of other researchers have also reported cardiotoxic factors.
Haglund and Lundgren (1973), Okuda and Tamada (1974), David and Rogel
(1976), and Goldfarb et al. (1978) have all found factors in the

circulatory system originating primarly within the splanchnic region
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during hemorrhagic shock having negative inotropic effects on cardiac
muscle and are small peptides with molecular weights in the 500-1000 MW
range.

The production of cardiotoxic factors can be modified by
pharmmacological means and in so doing allows insight into the mechanisms
of formation and prevention. Glucocorticoids provide a degree of
protection against cardiotoxic factors. When pharmacological doses of
cortisol, dexamethasome, or methylprednisolone are given prior to
hemorrhage, survial time after retransfusion of shed blood is increased,
and the protection is correlated with low levels of MDF (Lefer and Martin,
1969, Glenn and Lefer, 1970a). Administration of cortisol after
reinfusion of shed blood or high doses of mineralocorticoids given either
before or after hemorrhage are ineffective in prolonging survival time and
under these conditions, high plasma levels of MDF are measured (Lefer and
Martin, 1969).

The naturally occuring glucocorticoid, cortisol, and the synthetic
glucocorticoid, methyl prednisolone, in both physiological and
pharmacolog ical concentrations failed to exert a significant direct
systemic cardiovascular effect. Only the mineralocorticoid, aldosterone,
showed direct positive inotropic ef;‘ects on the heart (Jefferson et al.,
1971). The protective actions of glucocorticoids, therefore, are acting
through mechanisms other than a direct stimulatory effect on the heart.

Glenn and Lefer (1970a), reported a 300 to 400 percent increase in
the plasma levels of lysosomal enzymes g-glucuronidase and cathepsins
accompanied by elevated amounts of MDF in cats after two howurs of
splanchnic arterial occlusion (SAO). Animals, treated with methyl-

prednisolone before SAO, did not show increases in plasma lysosomal enzyme
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activities and consistantly showed enzyme activities below control animals
(Glenn and Lefer, 1970a). Glenn and Lefer (1971) investigated alterations
of lysosomal enzymes, cathepsins A-E, in plasma and tissues of cats during
hemorrhagic shock. They reported that in late post oligemia there was
significantly elevated activities of the cathepsins in the feline plasma
which was associated with increased formation of MDF. Significant
decreases in total lysosomal enzyme activity were found in the pancreas
and liver which correlated with increased lysosomal size and
vacuolization.

Methylprednisolone added to lysosomal fractions from pancreatic
homogenates markedly increased the stability of the lysosames as seen by
increases in time to reach peak release of g-glucuronidase (Glenn and
Lefer, 1970a), but methyl prednisolone had no effect on the activities of
freed cathepsins (Glenn and Lefer, 1971).

Other investigators have reported disruption of lysosames in other
forms of shock and in other tissues. Weissman (1964) reported evidence of
in vitro stabilization of lysosomal membranes by glycocorticoids. The
release of g-glucuronidase from incubated large liver granules from
rabbits was decreased below control levels by cortisone and cortisol,
indicating stabilization of lysosomal membranes. These results were later
confirmed in the isolated prefused pancreas by Ferguson et al. (1972).

(kuda and Yamada (1973) reported striking pancreatic lysosomal
abnormalities, as indicated by increased fragility and autophagic activity
of lysosomes in dogs in prolonged cardiogenic shock. The changes in
intestinal lysosames following regional intestinal shock in the cat were
investigated by Haglund et al. (1975). They report significant reduction

in the activity of acid and alkaline phosphatases, and an increased ratio
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of total to free activity in intestinal tissue with regional intestinal
hypotension. Methylprednisolone treatment of cats prevented the lysosomal
and cytoplasmic derangements in shocked intestine as refleted by near
control values of lysosamal enzymes, acid phosphatase, and
B-glucuronidase, and insignificant changes in intestinal tissue alkaline
phosphatase. The intestinal mucosal lesions ana cardiovascular
derangements characteristic of regional hypotension in the cat were also
prevented by treatment with methylprednisolone (Haglund et al., 1977).

Thus the beneficial effects of glucocorticoids in hemorrhagic shock
seems to be through a stabilization of lysosamal membranes, preventing the
release of their enzymes, and the beneficial effects are correlated with
lowered levels of circulating lysosomal enzymes, a prevention of
cytoplasmic ebnormalities, and decreased MDF activities.

Lefer and Barenholz (1972) reported that with SAO shock in the cat,
pancreatic activity of trypsin increased four times, and activities of
pancreatic phospholipase A increased seven times. Aprotinin, an inhibitor
of proteases (trypsin and phospholipasae A) from pancreatic zymogen
granules, prolonged survival time when administered prior to hemorrhage,
and prevented the appearance of MIF (L<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>