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INTRODUCTION

The role 6f aging in myocardial depression was investi-
gated. It was hypothesized that some component of blood
plasma from aged dogs may.dépreés myocardial contractility
in young dogs. The experiments in this study were designed
to investigate Myoéafdial Depressant Factor (MDF) as an
aging factor. Previously,; MDF has beeh implicated to have
an important role in shock.

Many of the changes which occur in the blood and body
during the aging process may be cbrrelated with common
elements in the mechanism of’shock. The primary element
present in both shock and aging is the pancreatic origin of
MDF (shéck) and hﬁman pancreatic polypeptide (hpp) (age).
Other components are: lysosomes, hydrolase activity,
tissue hypoxié, mitochondrial changes, enzyme changes,
neutrophilia, protein globulin changes, inhibitory protein
and lipid factofs} less efficient homeostasis, organ hypo-
perfusion, serum copqu levels, the role of cysteine, and
parameters in muscle mechaﬁics wh;ch are similarly affected
in age and shock.

Most researchers accept the presence of a myocardial
depressanﬁ factor.during shock. The controversy pertains to
the isolation and characterization of the factor. Therefore,

to initiate this study, the evidence that MDF is a peptide




which can be induced with experimental shock was first
established. The search for MDF in the plasma of aged dogs
was conducﬁed with gel filtration chromatography. Semi-
purified fractions of canine plasma from béth young and

aged dogs were tested with isolated young canine papillary-

muscle.




LITERATURE REVIEW
Myocardial Depressant Factor in
~ Shock - a Controversy
The etiology of irreversible circulatory shock is contro-
versial. Two well-known researchers, Allan Lefer and
Stéphen Wangensteen, debate over the existence of a myo—
cardial depressant factor (MDF) which has been implicated to
héve an important role in shock. The controversy stems from
the.uncertaihty_of the -chemical nature 6f MDF. Some in-
vestigators question the peptidic nature of MDF, ciaiming
it is just a salf; others question the origin, formation,
transport, and prebise actions. Some of the difficulties
in the_characteriéation of MDF are apparent from the in;
consistent reports:on the molecular charge, elution volume
from chromatographic columns, and the re&ction rate of MDf

in in vitro studies.

CharaéteriZation,of MDF .

MDF was first isolated irom feline shock plasma by
‘Brand and Lefer (1966). Since then, MDF has been isolatéd
from many species (man, cat, dog, guinea pig, baboon) in a
variety of shock states (endotbxic, cardiogenic, hemorrhagic*
and burn ghock, pancreatitis, and in splarchnic, bowel, énd
pancreatic ischemia). MDFJhas been reported to be present

in shock plasma at concentrations of 0.5-1.0 nmole/ml




(Greene et al., 1977; Yamada and Pettit, 1977), 10 nmoles/ml
(Lefer, 1970), and in the picomolar range (Goldfarb and
Weber, 1977b).

MDF has been characterized as a biologically active
octapeptide or nonapeptide (Lovett et al., 1971). The fol-
lowing amino acids were found in MDF: alanine, aspartic
acid, glycine, glutamic acid, iso~leucine, leucine, serine,
threonine, and valine (Okuda and Fukui, 1974). An active
myocardial depressant component of shock plasma, which was
isolated by Bio-gel filtration chromatography as peak D,
was further fractionated into nine components by cation
exchange chromatography. The fifth component consisted of
free L—isoleucine and L~leucine in a ratio of 1:4 and had
high cardiodepressant activity which was comparable to
the original shock plasma peak D (Goldfarb et al., 1978);
Since L-isoleucine was co-purified with L-leucine, each
amino acid was tested individually on the papillary muscle

bioassay system. Free L-leucine caused a dose-related

depression; free L-isoleucine slightly stimuléted the muscle.

The amino acid composition of the MDF fraction from
high voltage paper electrophoresis consisted of glutamic
acid, glycine, serine, and an unidentified acidic amino
acid (Greene et al., 1977).

Twenty common amino acids were assayed for inotropic

activity at concentrations of 1 and 10 mM. At 1 mM, none of




the twenty amino.acids exerted any significant negative
inotropic activity. Leucine, glycine and valine were re-
ported to increase the contractile force by 3-4%. Cysteine,
histidine and tryptophan each decreased contractile force
by 10-20% at a 10 mM coﬁcentration (Greene et al., 1977). .

MDF has been reported to be a charged substance capable
of being bound to mixed cation-anion exchange resins.

While MDF has been described to contain either a positive
or a negative electric charge or both (Brand et al., 1969),
most researchers have claimed MDF to be anionic.

MDF contains no sulfur-linked amino acids, and may
even be a glycopeptidé, since an unidentified carbohydrate
substance was found in the Dowex-50 active peak D1 (a
further purified Bio-gel peak D) (Lefer, 1970).

MDF was found in the fourth peak (peak D) of a gei fil—
tration chromatogram in an elution volume of 80-100 ml
(Lefer and Inge, 1973). A molecular weight range of 500-
1000 was thus assigned to MDF; some researchers reported MDF
to be befween 500-700 daltons, while others claimed it-has é-‘
molebulgr‘Weight between 800-1000 daltons. There is dis-
agreement on the elution volume for MDF. Lefer
originally found peak D at the 155 ml elution volume, later
reported it at 120 ml, and presently recovers it at 86—100
ml. Yamada and Pettit (1977) found the elution volume of
MDF to be between 85-105 ml. Wangensteen et al. (1973a) iso-

lated their peak D at 120-150 ml. Goldfarb and Weber (1977b)




claimed MDF was contained in the peak eluted at 122-150
ml. According to Okuda and Fukui (1974), the elution volume
for peak D was 135-154 ml. The elution volume for peak
D approximated from one of Lefer and Martin's (1970a)
original column elution patterns was actually 131-169 ml
with a peak height at 156 ml.

MDF was heat stable at 80C for 30 minutes at neutral
PH, water soluble, insoluble in methylene chloride,

dialyzable, and ninhydrin positive.

Peptide or salt?

The primary biological action of MDF is its negative
inotropic effect on the isolated papillary muscle, isolated
perfused heart, and in the intact animal. This negative
inotropic effect follows a dose-response curve.

Wangensteen attributed this depressant activity to salt.
He claimed that this MDF was just an artifact of isolation
and assay procedure, namely, excéss sodium chloride (NaCl)
rather than a peptide. The myocardial depressant éctivity
could be correlated only with changes in Na®t concentration
and, to a lesser degree, calcium ion (Ca++) concentration.
According to Wangensteen et al. (1973a), 200 mEqg/l of
Na' caused 40% depression, 350 mEg/l caused 80% depression.
and 500 mEq/l caused 100% depression. Thus, an increase in

the sodium ion concentration depressed papillary muscle in a

linear fashion (Goldfarb and Weber, 1977b). Wangensteen et al.




(1973a) also élaimed that peak D and NaCl were eluted from
the column at the same elution volume, 120 ml.

When paper high voltage electrophoresis and thin layer
chromatography were performed, all bands causing depression
of papillary muscle activity were in positions identical
to the NaCl bands. Calculated elution-to-void volume ratioé
for peak D and for salts were 2.44-2.99 and 2.5 or greaterf
respectively (Wangénsteen et al., 1973a). According to
Wangensteen, a peptide with a molecular weight of 800-1000
should appear near the elution volume of 63 ml with a
Vé/Vb ?atio of 1.4. ‘HoweVer; this is assuming that there
is no adsorption to the.Bio~§el\P—2. Certain charged
organic substances are adsorbed to the Bio-gel and are,el@ted
at higher volumes than pfedicted (Wangensteen et al., 1973a).

‘Lefer ané Glenn (1973) insisted that MDF was not an
inorganic salt nor an artifact of column chromatography;
peak D contained only 10-20 mEq/l NaCl above that of Krébéf
Henseleit solution. In fact, proper elution of gel fil-- |
-tration columns yielded sodium concentrations of’izo-lSO
mEq/liter (Lefer énd Inge, 1973). Only when total sodium “
approached 520 mEq/1l, a ‘fourfold concentrétion of plasma -
sodium, did the salt effect apéroximate the negative ino=.
tropic:.'effect of MDF {(Lefer and Inge, 1973). It is there;
fore highly unlikely that salt could have interfered with

the assay of MDF in column €luates. Lefer and several others




have effectively desalted the MDF peak by column chromatog-
raphy. MDF was eluted prior to thé salt peak which showed
up at 115-150 ml (Lefer and Inge, 1973) and at a later
volume in Goldfarb and Weber's (1977b) study.

If the negative inotropic action of MDF could be attribu-
ted to NaCl, the NaCl concentration would have to be far in
excess of that occurring dﬁring the shock state. Secondly,
one could easily distinguish a MDF effect from that of a
high salt concentration effect by looking for any changes in
base line tension. MDF depresses developed tension by
decreasing active tension without a change in resting
tension. High salt concentrations depress developed tension
by decreasing active tension and markedly increasing resting
(base line) tension (Greene et al., 1977). This large in-
crease in base line tension serves to distinguish a MDF -
activity response from that of a high salt concentration
response. Another distinguishing factor is the'time to
elicit a response. Theé reaction rate of sodium was dif-
ferent from that of MDF; the sodium effect being instan-
taneous (Okuda and Fukui, 1974), whereas the MDF effect
would take anywhere from 2-30 minutes.

Further evidence that MDF is a peptide has been ques-
tiéned, Pronase, a nonspecific proteolytic enzyme isolated

from Streptomyces griseus, will inactivate peptides by the

cleavage of peptide bonds to form single amino acids when




incubated at 55C for four hours. Lefer (1970) reported
almost total inactivation of MDF. Wangensteen et al. (l973a)
incubated their shock plasma peak D for six hours at 37C
followéd by one-half hour at 56C to inactivate the enzyme.
The depressant activity was not eliminated, thus suggesting
that peak D was not a peptide. Wanggpsteen eliminated the
positive inotropic activity of angiotension II, an octa-
peptide, by the same procedure. Wangensteen dialyzed the
enzyme, protease VI, free of calcium prior to use since it
was éupplied in 30% calcium acetate. Lefer d4id not report
the presence of calcium with his enzyme. However, if

Lefer's pronase was supplied with an excess of calcium as a
stabiliziﬁg agent, calcium would antagonize any depressant
activity. -Pérhaps Lefer's report that pronase incubation
caused a loss of depressant activity, and therefore the
depressant substance was a peptide is an incorrect inference;
The loss of depressant activity could simpiy be due to masking
by'the calcium present with the pronase.

Lefer questioned the techniques of Wangensteen and
claimed Wangensteen's results were all based on the use of
an incorrect peak, the salt peak, as opposed to the peptide
peak that Lefer isolated.

Wangensteen et al. (1973a) even went so far as to claim
that plasma depressant activities in normal control animals

and human volunteers were as high or higher than plasma
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activities from those dying in shock.

Goldfarb and Weber (1977b} investigated the problem
using different techniques. They obtained a salt-free
peptide peak which they purified to obtain one cardio-
depressant.active peak. They believed MDF to be a single
peptide rathér than a mixture of different active compoundsr
(Goldfarb and Weber, 1977a; Okuda and Fukui, 1974).

It is of interest that no other known peptide with
negative inotropic action has been found in mammals.

Eledoisin, an endecapeptide which has been isolated from

the salivary éland of the mollusk, is the only known peptide

in the entire animal kingdom which will depress the myo-
cardium. A 10_5 Molar concentration of eledoisin has de-
creased the"developed tension of papillary muscle in a 10 ml
muscle bath by 55% (Lefer and Inge, 1973).

Thus, if MDF is indeed a peptide with negative ino-
tropic action, it will be the first one to be isolated from

the vertebrates.

Origin of MDF

There is evidence to c¢laim that the ischemic pancreas
is the origin of MDF. A marked decreasé in the splanchnic
blood flow has been reported in various types of shock.
'Other shock factors which appeared to originate in the

splanchnic region were: endotoxin, hemochromogen, RDS

(reticuloendotheliql depressant substance) from the intestine,
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Fukuda's factor frbm the liver, Clowes' factor and Thal's
factor from the splanchnic region.

Pancreatectony, ﬁhich was performed prior to the in-
duction of hemorrhagic shock or splanchnic vessel occlusion
(sV0), prevented MDF activity in the plasma. Incubated
hOmogenates of pancreas without the presence of plasma or
any other tissue constituents produced 1arge amounts of MDF,
whereas incubated hbmogenates of liver, spleen, or intes-
tine failed to produce MDF.

Chromatographic patterns from homogenates of various
_visceral organs (pancreas, liver, spleen, small intestine,
heart) were compared with plasma from animals in shock.
Every peak from only the pancreatic elution profile was
much higher tpan the corresponding peaks from plasma. fThé
decrease in papillary muscle contraction was much more
severe with MDF froﬁ the pancreas peak than with MDF from
the plasma peak. Peak D from the liver was higher than peak
D from the heart. Peak D froﬁ the spleen was higher than
peak D from the small intestine. A possible explanation
for slightiy increaséd peaks in liver‘and spleen was
.that the reticulecendothelial sYSEém in these two organs per-

) miﬁted accumulation of‘MDFuiﬁ shock animals.

The fractional distribution of cardiac output for
several principal organs (heart, brain, gastrointestinal

tract, kidneys, skin, muscle, spleen, pancreas) was deternmined
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during hypotension. The most pronounced reduction in blood
flow was found in the spleen and pancreas (Okada et al.,
1977). This is perhaps another indication that the pancreas
is the source of MDF formation.

A review of the conflicting reports on whether MDF
is formed in the oligemic phase or postoligemic phase
of shock, splanchnic vessel occlusion-no release shock or
splanchnic vessel occlusion-release shock, early shock or
late shock will further support our reasoning for the
ischemic-pancreatic origin of MDF,

Early shock plasma decreased developed tension by 26%,
and late shock plasma decreased developed tension by 43%
(Lefer, 1970). Splanchnic arterial occlusion (SAO) with
release of the occlusive clamps results in high MDF activi-
ties in both the plasma and pancreas. Splanchnic arterial
occlusion-no release is characterized by a low plasma MDF
activity with a very high pancreatic MDF level. This indi-
cates that MDF was produced but not released into the plasma.
MDF transport is dependent to a large degree on the splanchnic
circulation. This is also evidence that MDF is continuously
produced during the entire SAO shock process, since a high
residual pancreatic MDF activity was found both in non-
released and released SAO shock cats.

Some researchers ﬁave shown MDF to accumulate in the

oligemic phase before reinfusion of the shed blood, in
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contrast to the majority of studies demonstrating high plasma

MDF activities only in the postoligemic period after rein-

fusion (Wangensteen et al., 1970; Glenn and Lefer, 1970).

In those studies where MDF appeared in the plasma

during the occlusive period of splanchnic ischemia shock,

MDF was transported from the splanchnic bed to the systemic

circulation via collateral circulation. In these studies,

only the superior mesenteric artery was occluded allowing

the celiac axis and inferior mesenteric artery to be the

primary collaterals.

This explains the discrepancy in the

literature concerning the presence of MDF during the occlusive

period and postrelease of the occlusion. To reiterate, MDF

is formed in the ischemic splanchnic region, the pancreas

in particular, during the occlusive period, and probably

enters the circulation in large quantities only after re-

lease of the occlusion.

Occlusion of just the vessels supplying the pancreas

(superior and inferior pancreaticoduodenal arteries) for

two hours resulted in high MDF activity comparable to that

seen with splanchnic
Induced-pancreatitis
shock levels. These

or inflamed pancreas

vessel occlusion or hemorrhagic shock.
caused plasma MDF activity to reach
studies thus point to the ischemic and/

as the origin of MDF.
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Formation of MDF

A generalized scheme for the formation of MDF in the
pancreatic acinar cell will introduce the various components
and their interactions in shock.

Hypoxia is the primary trigger mechanism for MDF
formation. This hypoxia acts on the zymogen granule; tryp-
sinogen, kallikreininogen and prophospholipase A are acti-
vated. Activation and release of trypsin, which requires
calcium ions, serves to initiate proteolysis. Trypsin
activates phospholipase A.- Trypsin may also partially
hydrolyze free protein which -makes it available to
lysosomal cathepsins. The hypoxié acts on the lysosome
causing membrane disruption. Lysosomal proteases such as
cathepsins, peptidases, glucuronidases, acid phosphatases
are released. The phospholipase A lyses subcellular mem-.
branes to release compartmentalized protein. The lysosomal
proteases then hydrolyze these compartmentalized protein
substances to produce peptide fragments like MDF.

This hypoxia can be induced experimentally by creating
a hypotensive condition with splanchnic vessel occlusion, .
hemorrhagic shock, or cardiogenic shock. A significant
decrease in cardiac output develops soon after superior
mesenteric artery occlusion. An abrupt decline in mean
arterial blood pressure occurs after release of the occlusive

clamps in splanchnic arterial occlusion shock due to release
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of both MDF and lysosomal enzymes. A fall in systemic
arterial blood pressure will result in vasoconstriction of
the splanchnic vascular bed. This is a homeostatic at-
tempt to shunt the blood to vital organs. However, this
vasoconstriction will creéte pancreatic iéchemia, acidosis,
and lysosomal membrane disruption. Lysosomes play an im-
portant role in the cellular changes leading to the ir-
reversibility of shock states. Lysosomes of the splanchnic
region are more sensitive to ischemia than the lysosomes

of other regions of the body, and the pancreatic lysosomes
are much more sensitive to ischemia than those of the spleen
or intestine.

As a result of pancreatic hypoperfusion, the pancreatic

acinar cells underwent severe autolytic changes. Peripheral

margination and clumping of chromatin material were evi-
dent in the nuclei of the acinar cells. The orderly
arrangement of endoplasmic reticulum was lacking. . Irregular
dilatation of the smooth endoplasmic reticulum resulted in

large vesicles. The zymogen granules were not.as dense.

Advanced degenerative changes in mitochondria were an indi-

cation of the cessation of oxidative phosphorylation

(Okuda and Fukui, 1974). The pancreatic lysosomes were
vacuolated and enlarged which indiéated fragility and a less
stable membrane. The percent of lysosomal area occupied

by autophagic vacuoles in gplanchnic arterial occlusion
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shock was 25% compared to 7.l1% in sham SAO (Lefer and
Barenholz, 1972). Autolysosomes were present in pancreatic
cells undergoing cellular digestion.

It is speculated that there is a two-component system -
for MDF production: lysosomal proteases and enzymes of
zymogen—-granule origin. A cell fractionation scheme for
pancreatic homogenates explained how two constituents, Poa

and P,_., were derived from a particulate P, component in an

2B 2
attempt to separate zymogen activity from that of the lyso-

some (Litvin et al., 1973). The sum of the constituent

activities of Poa and P,p for cathepsin D was very close

to the activity in the parent P, fraction. Neither Poa

2

nor P2B produced'significant amounts of MDF activity when

incubated separately; when they were recombined, P2(A+B)' the

MDF activity equalled that of the parent fraction P A

2.
two component system is thus implied.
The unique role of the pancreas in the pathogenesis

of circulatory shock is evident. Intracellular acidosis

preseﬂt from the pancreatic ischemia provides an optimal
environment for éctive enzymes. Maximal MDF activity in
pancreatic homogenates was found at a pH of 5-6.

Pancreatic trypsin activity increased fourfold and
phospholipase A activity increased sevenfold in SAO shock.
A decrease in the total pancreatic acid phosphatase specific

activity suggests a release of hydrolases from the pancreas
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into the plasma. The plasma enzyme activity for acid
phosphatase was 594% of control at the termination of SAO
shock (Lefer and Barenhqlz, 1972). Within fifteen minutes
after splanchnic arterial occlusion, there was a signifi-
cant increase in B—glucﬁronidase and cathepsin activities.

~Release of the occlusion created an additional rise in the
plasma activities of these enzymes; this was actually a
washout of enzyme that had accumulated in the ischemic
splanchnic bed during the occlusive period. The rise in B-
glucuronidase activity peaked within thirty minutes after
release of the clamps, but the cathepsin activity continued
to increase throughout the entire postrelease period. Final
enzyme activities were 3-4 times pre-SAO values (Glenn and
Lefer, 1970; Leffler et al., 1973).

Cathepsin B and/or C seem(s) to be the most likely
enzyme(é) reéponsible for MDF production (Litwvin et al.,
1973).

Pancreatic chymotrypsin activities did not increase
in the plasma of SAO shock due to endogenous inhibitors of
this protease. Amylase activity correlated with MDF activity;
succinate neotetrazolium reductase activity did not (Litvin
et al., 1973). A high plasma cathepsin activity was always
closely correlatedlwith a high plasma MDF activity, whereas
plasma BFglucuronidase activity did not correlate as well

(Lovett et al., 1971). Cathepsins B and C, which require
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thiol groups for action, are inhibited by parachloromercuri-
benzoate {PCMB), a sulfhydryl blocking protease inhibitor,
PCMB~treatment has been shown to prevent MDF formation
(Lefer, 1978).

Plasma amino nitrogen activity, which represents the
total end product of all proteolysis, increased 175% above
the control value two hours after superior mesenteric artery
occlusion and 920% after release of the occlusive clamps
(Leffler et al., 1973).

The increase in lysosomal protease activity in the plasma
occurred before the plasma appearance of MDF (Glenn and Lefer,
1970), which confirms the scheme for MDF formation. The in-
fusion of just lysosomal enzymes into healthy dogs has been
shown to depress cardiac function. Thus, all the necessary
ingredients for MDF production are present within the
pancreas. J |

There appears to be some ionic reguirement for:the MDF-
producing reaction. Low MDF activities were found when
pancreatic homogenates were prepared in distilled water
rather than in Krebs-Henseleit solution, and incubated.
Homogenates incubated in Krebs-Henseleit solution had the
usual high MDF activities (Litvin et al., 1973). Phospho-
lipase A requires calcium ions for activity, which suggests
that ions may serve as enzyme activators in MDF formation

(Litvin et al., 1973).
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MDF production has been shown to proceed at equal rates

in an aerobic or anaerobic environment (Litvin et al., 1973):
Mitochondria are therefore not essential for MDF production._
Hypoxia, the trigger mechanism for MDF formation, therefore
has an action which does not inhibit aerobic metabolism.
This further confirms the scheme for MDF formation; pancreatic
lysosomes and zymogen granules, which are extremely sensitive
to a lowered P02, release'the enzymes hecessary for MDF -
formation.

Systemic hypotension is not a prerequisite for MDF
formation; however, the pancreas must be rendered ischemic
(Lefer and Martin, 1970b). An inverse relationship exists
between superior mesenteric artery blood flow and MDF

‘activity. There is some degree of specificity for the produc-
tion of MDF since femoral ischemia, which was produced by

ligation of the common iliac arteries at the descending

aorta, did not produce MDF.

Transport of MDF

Similar MDF activities were found in both arterial and
venous. blood (Brand et al., 1969) indicating that MDF was
present throughout the blood stream.

In 1943, it was reported that thoracic duct lymph from
dogs in traumatic éhock contained toxic substances (Lefer,
1973; Lefer, 1978{. A transient spikelike increase in

lymph flow was shown to occur immediately upon initiation
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of hemorrhage (Glenn and Lefer, 1970).

Many proteins including enzymes are known to bhe tréns—
ported via lymph. It would be difficult for large molecular
weight enzymes (lysosomal enzymes: molecular weight =
25,000-200,000) to cross capillary membranes. Indeed, a
significant lymphatic transport of lysosomal enzymes in
hemorrhagic shock has been shown (Glenn and Lefer, 1970).

An experiment was conducted with cats in which the
thoracic lymph duct was cannulated during shock to divert
the lymph. A threefold increase in postoligemic survival
time was found. In the lymph, MDF activity was high, and
plasma cathepsinlike and B-glucuronidase activity were in-
creased three- to fourfold. In the plasma, MDF activity
was negligible and the lysosomal enzyme activity was low
(Lefer, 1970).

MDF thus appears to be in part transported to the
systemic circulation via the lymphatics, which may indicate
that it is bound to a larger molecule sometime during its
formation. The splanchnic region almost solely provides the
thoracic duct lymph in anesthetized cats (Lefer, 1970).

The proteases, which are released into the extracellular
fluid, are taken up by the lymphatic vessels and transported
by the thoracic lymph duct to the systemic circulation. While
in the lymph, these proteases may hydrolyze lymphatic

' proteins to make "preformed" MDF (Lefer, 1970).
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Thus, the question exists whether MDF is transported
to the systemic circulation via splanchnic collaterals or
the lymphatic system. MDF is formed primarily in the plasma,
since the volume of lymph is much smaller than the blood wvolume.
However, part of the MDF may be formed in the lymph from
lymphatic protein substrate. Additional MDF is formed once
the lysosomal enzymes reach the systemic circulation.

It may be concluded that cardiac depression occurs as a
consequence of a humoral factor (Gomez and Hamilton, 1964;
Okada et al., 1977).

In the hemodynamically protected canine heart, cardiac
output, ;ntraventricular, proximal adortic and coronary
artery pressures, éoronary blood flow, and venous return were
maintained at preshock levels, whereas the rest of the body
was in shock. Any change in cardiac function would there-
fore occur only as the composition of the blood changed which
was returning from the shocked body to perfuse the coronary
arteries. Bradycardia was observed and attributed to the
shock-induced metabolic acidosis. Acidosis depresses heart
contractility by interfering with normal ionic cycles (Rogel
and Hilewit;, 1978). The bradycardia was prevented by
normalizing the acidic pH with sodium bicarbonate. The
force of contraction of the heart decreased in shock, but
this decline could not be prevented by pH adjustment. If

the blood from the dog in shock was exchanged with the blcod
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of a normal healthy dog, the recipient's heart rate de-
creased and myocardial tension fell just as it had in the
shock dog prior to the exchange. Thus, all of the responses
to shock occur in control animals if their blood is ex-

changed with the blood of animals in prolonged shock.

Biological action of MDF

MDF seems to play a role in the pathogenesis of circu-
latory shock by exerting its effects in a positive feedback
fashion. This humoral substance depresses the heart and
further aggravates the gplanchnic ischemia which results
in the production of additional MDF to continue the cycle.
MDF has reticuloendothelial depressing properties which im-
pair phagocytosis in fixed macrophages (Lefer and Blattberg,
1968}.

Thus, with the reticuloendothelial system malfunctioning,
a reduced liver blood flow, a depletion of plasma opsonins,
and a depressed kidney with oliguria, the animal has few
pathways which will remove MDF from the c¢irculatory system.
Consequently, MDF accumulates in the plasma.

MDF-induced depreésion in developed tension is com-
pletely reversible. This was shown in the papillary muscle
bicassay system by simply washing out the muscle chamber
with fresh Krebs-Henseleit solution (Lefer and Blattberg,
1968: Harden and Garrett, 1973). The contractility of

muscles returned to the base line level (Okuda and Fukui,
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1974).

When the external calcium concentration was increased
inlthe papillary muscle system from 2.54 mM to 6.5 mM, the
negative. inotropic effect of MDF was also completely re-
versed. When the test medium containing MDF with the high
6.5 mM calcium concentration was replaced with Krebs-Henseleit
solution, there was at first a rapid decline in contractility
to the level of pre&ious depression elicited by the MDF. '
Tﬁis was followed by a gradual increase in contractility to.
the base line level. A copcentration gradient of MDF was
createﬂ across the cell membrane of the papillary muscle
by washing out fhe.external medium in the muscle chamber.

The contractile force of the papillary muscle recovered
after washout of the MDF sample with fresh Krebs-Henseleit )
solution; this indicated that MDF acted intracellularly and
dlffused out of the myocardlal cells according to its con-
~centration gradient (Okuda and Fukui, 1974). Repeated wash-
ouﬁ of the MDF sample with fresh buffer increased the dif-
rfusigp rate and recovery of contractility of the muscle Eé
base line level (Okuda and Fukui, 1974).

MDF exerts several other biological actions. A 35%
increase in coronary flow by a coronary vasodilation may
possibly be due to an increase in myocardial metabolic
activity which”is brouéht about. by the factor. MDF decreased

contractile force 83%, and caused cardiac arrest followed by
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arrhythmias (premature ventricular contractions and A-V
conduction block) in an isolated perfused cat heart with
constant heart rate, coronary perfusion pressure and resting
cardiac tension. MDF has been postulated to play a primary
role in the development of heart failure during circulatory
shock by having a direct depressant effect on the myo-
cardium.

In a study by Harden and Garrett (1973), the reversible
nature of MDF may make it unreasonable to assume that this
peptide per se could produce irreversible heart failure
during circulatory shock. However, an elevated plasma level
of metabolic end products and substances which are released
during shock may potentiate the cardiotoxic action of the
peptide in ziﬁg.

MDF has a hypotensive effect. MDF exerts a selective
vasocdonstrictor effect on splanchnic vascular strips, and
it depresses contractility of isolated intestinal strips.
There is an inverse relationship between plasma MDF activity
and survival time during shock.

There seems to be a discrepancy in the reaction rate
of MDF. A fast acting MDF has been reported to exert
maximal depressant action within fifteen to twenty minutes.
A slower acting MDF required thirty minutes or longer to
cause maximal depression {(Okuda and Fukui, 1974). MDF has

also been reported to decrease cardiac contractility by 83%
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within one to two minutes (Glenn and Lefer, 1970; Harden and
Garrett, 1973).

The mechanism of the myocardial depressant effect is
hypothesized. The negative ihotropic effect is a decrease
in developed tension rather than in the time to‘peak
tension or in the resting tension. MDF does not interfere
with the electrophyéiological properties of isolated papillary
musclés. There is no alteration of the magnitude of the ‘
transmembrane resting or action potential of the muscle
cells. This was determined by the use of intracellular
microelectrodes. However, a slight but statistically signifi-
cant decrease in the time to peak tension was demonstrated
in a étudy using three-hour shock plasma. Control plasma
and two-hour shéék plasma had no effect on time to peak
tension (Lundgren et al., 1976).

This leads us to conclude that the mechanism of the
negative inotropic effect is possibly an interference with
the process of excitation-contraction coupling or a direct
depression of contractile proteins. The mechanism of MDF
action may involve binding of calecium in the sarcoplasm,
sarcoplasmic reticulum, or at contractile components. This
is speculated since MDF depression was reversed by an incre-~
ment of 4 mM/L of calcium.

It has been deduced that the negative inotropic effect

is due to a reduction in active state intensity of the myo-
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cardial contractile element (Lefer, 1970; Williams et al., .
1969). The contractile element of the myocardium is the
active factor which is capable of both shortening and
tension development. Changes in peak active state intensity
reflect éhanges in the shortening properties of the con-

- tractile element. Changes in peak active state duration
indicate change§_in the time allotted to the contractile
element to produce tension. Thus, the chahge in peak de-
veloped tension by MDF could possibly be brought about by
changes in either peak active state intensity or peak active
state du;ation. Since there is no real change in time to
peak tension, the negative inotropic action of MDF must
therefore be associated with dhanges in peak active state

intensity of the contractile element.

Blocking MDF ‘formation

Pretreatment of animals with high concentrations of
glucocorticoids, protease inhibitors, local anésthetics, o-
adreﬂergic blockers, prostaglandins, sulfhydryl containing 
compounds, or surgical interventions such as pancreatectomy,
divérsion of thoracic duct lymph,'hemodialysié, pancreatic
duct ligation will prevent the accumulation of MDF in the
plasma.

Glucocorticoids are the most beneficial, since they

stabilize the lysosomal membrane to prevent the release of
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those lysosomal enzymes which act in concert with the zymo-
genic enzymes to form MDF. This was also shown by adrenalec-
tomizing cats to deplete their endogenous glucocorticoids
and increase the fragility of pancreatic lysosomes. In
fact, the free pancreatic B-glucuronidase activity in
adrenalectomized cats was comparable to that found in SAO
shock cats (Glenn and Lefer, 1970). Methylprednisolone,
a synthetic glucocorticoid, prevented changes in lysosomal .
hydrolase activity and ultrastructure, mucosal lesions,
MDF activity, and prolonged survival time fourfold.

Zymogenic protease inhibitors such as aprotinin in-
hibit the action of proteases (pancreatic trypsin, chymo-
trypsin, phospholipase A) when they are released from the
zymogen granule. Therefore, the proteases can no longer
cleave the protein substrate to form peptide fragments.
The MDF level in shock plasma is significantly lowered and
survival time is prolonged. |

Local anesthetics such as lidocaine cause celiac
ggngliqnic blockade. This partially prevents splanchnic
ischemia by maintaining normal splanchnic blood flow to
prevent an increase in plasma lysosomal enzymes and MDF
(Glenn and Lefer, 1970; Lefer, 1970). Alpha adrenergic
blocking agents, such as phenoxybenzamine, maintained
splanchnic blood flow during shock (Lovett et al., 1971).

Products formed by the prostaglandin synthetase system
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either directly stabilize lysosomal membranes to prevent
MDF formation or preserve liver phagocytic cell integrity
so cathepsins and MDF may be cleared from the circulation.
Prostaglandins increase four- to fivefold in the circulating
blood in a variety of shock states (Flynn and Lefer, 1977).
Arachidonic acid, a twenty carbon fatty acid, is the primary
substrate for the production of prostaglandins. Significant
increases in circulating plasma prostaglandins PGE2 and
PGF, were demonstrated in dogs in hemorrhagic shock after
the administration of arachidonic acid. This in turn
prevented the plasma accumulation of cathepsin D and MDF
while mean arterial blood preésure was maintained.
Prostacyclin (PGIZ), a prostaglandin formed in blood
vessel walls, is an anti-ischemic agent. It was five to
ten times more potent than P!—GE1 in preventing lysosomal

hydrolase release (Lefer and Ogletree, 1978). PGI a

X
vasodilator, reduced total peripheral resistance and coronary
vascular resistance, and inhibited platelet aggregation and
thromboxane A, formation.

Sulfhydryl containing compounds, such as glutathione
and cysteine, also stabilize cellular and lysosomal mem-
branes to decrease plasma cathepsin D and MDF activities.
An angiotensin converting enzyme inhibitor was also found

to have protective action in hemorrhagic shock. Circulating

lysosomal hydrolase activity, total plasma proteolysis, and
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MDF formation were:much less in converting enzyme inhibitor-
treated shock than in untreated shock (Trachte and Lefer,
1978).

Dopamine (3,4-dihydroxyphenylethylamine), a unique
splanchnic dilator, was found to have only transient
beneficial effects on mean arterial blood pressure, renal
arterial flow and superior mesenteric arterial flow. MDF
formation was only delayed. At high concentrations of
dopamine, B-glucuronidase release was reduced, but not
cathepsin D (Galvin and Lefer, 1978a). This may imply that
cathepsins do play a significant role in MDF formation.

The ability to block MDF formation at specific sites
is an indication that our hypothesis that lysosomal and
zymogenic proteases are the two major components in thg
mechanism for MDF production is valid.

The separate identity of MDF in light of other proposed
cardioinhibitory factors

Pancreatic MDF and plasﬁa MDF are eluted at essentially
the same elution volume. Canine'MDF also aépears at the
same elution volume as feline MDF, suggestihg some gni-
versality among épeciés. MDF produced during splanchnic

vessel occlusion is identical to the MDF produced during

hemorrhagic shock. 1In fact, of all the known shock factors,

only MDF and endotoxin have been identified in the plasma

of human patients in many forms of shock (Lefer, 1973).



30

Several cardiodepressant factors have beeh proposed to
occur in circulatory shock. We do not know if they are
identical, exist as a family of related substances, or are
totally unrelated. The similarities among these factors
may help to elucidate the identity of MDF.

There are basically fourteen factors, none of which
can be precisely characterized: PTLF (passively transferable
lethal factor-Nagler-McConn's factor), Goldfarb-Weber's
factor, Okuda-Hosono's factor, Okada-Kosugi's factor, Rogel-
David's factor, McArdle-Ledingham's factor, Clowe's factor,
Thal's factor, Fukuda's factor, hemochromogen, endotoxin,
lysosomal hydrolases, RDS (reticuloendothelial depressant
substance~Blattberg-Levy's factor), Haglund-Lundgren's
factor.

PTLF is a negative inotropic peptide with a molecular
weight greater than 10,000. It occurs in rat and man |
during hemorrhagic and cardiogenic shock. It originates
ip the blood cells, and its appearance is prevented by the
administfation of glucocorticoids (Lefer, 1978).

Goldfarb-Weber's factor is a negative inotropic factor
with a molecular weight between 250-1000. It possibly occurs
in splanchnic ischemia in the dog, originating-in the
pancreas (Lefer, 1978).

Okuda-Hosono's factor is a negative inotropic factor:

of 1000 daltons which originates in the canine pancreas
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during cardiogenic shock. The administration of gluco-
corticoids prevents its formation (Lefer, 1978).

Okada;Kosugi's factor is a negative inotropic factor
and a reticuloendothelial depressant with a molecular weight
between 700-1000. It originates in the canine pancreas
‘during hemorrhagic and endotoxic shock. Protease inhibiﬁors
prevent its formation (Lefer, 1978; Okada et al., 1977).

Rogel-David's factor is a negative inotropic factor of
unknown molecular weight which occurs in the canine splanchnic
region during hemorrhagic shock. Proteése inhibitors pre-
vent its formation (Lefer, 1978; David and Rogel, 1976).

McArdle-Ledingham's factor is a negative inotropic
factor with a molecular weight of 500-700 which occurs in
the dog during hemorrhagic shock. The origin of this factor
is unknown (Lefer, 1978).

Clowe's factor is possibly a peptide of 1000~-3000
daltons which originates in the canine splanchnic region
during septic shock. 1Its activity is free of endotoxin;
it increases pulmonary vascular resistance, induces focal
alveolar céllapse and right heart failure. 1Its formation is
prevented by glucocorticoids, and aprotinin is partially
effective (Lefer, 1973).

Thal's factor has an unknown molecular weight and origi-
nates in the caﬁine ischemic splanchnic region during SAO

shock. It induces lesions in the lung and stimulates vascular
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smooth muscle. Thal's factor may not be a single factor
(Lefer, 1973).

Fukuda's factor is probably of large molecular weight,
water soluble and heat labile. It originates in the canine
ischemic splanchnic region, the liver, during hemorrhagic
and endotoxic shock. It causes hypotension and its forma-
tion is prevented by glucocorticoids (Lefer, 1973).

Hemochromogen has a large molecular weight of 68,000
and is nondialyzable. It is found in blood absorbed by
damaged -intestinal mucosa during SAO shock, hemorrhagic
shock, and acute pancreatitis in the dog. This hemoglobin
derivative causes hypoténsion, but does not depress the myo-
cardium (Lefer, 1973).

Endotoxin is a lipopolysaccharide of molecular weight
200,000-2,000,000, is nondialyzable, originates in the ischemic
intestine, but does not depress the myocardium (Lefer, 1973).

Lysoscomal ﬁydrolases have a molecular weight between .
25,000-200,000, are heat labile and nondialyzable. They
sensitize the heart to other toxic factors (Lefer, 1973).

Hemochromogen, endotoxin, and lysosomal enzymeé appear
to act indirectly by releasing other agents which act as
toxic factors. Since these factors have high molecular
weights, they may be degraded further to produce a toxic
factor. No endotoxin was found in hepatic portal venous‘

blood of.SAO shock animals.
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RDS has a molecular weight of nearly 700, is a peptide-
sugar with a negative inotropic effect, impairs phagocytosis,
originates in the splanchnic region (intestine) during
hemorrhagic shock and splanchnic ischemia in the rat, cat,
and dog. Although RDS and MDF share some properties (both
are reticuloendothelial depressants, dialyzable, small
molecules, heat stable, show linear dose-response relation-
ships) they can be distinguished from each other. RDS is
methylene chloride soluble and MDF is not. RDS does not
show distinct absorbance in ultraviolet light. In RDS
there is an unidentified amino acid which does not appear to
be acidic, whereas in MDF, an unidentified amino acid which
is acidic has been reported. Neither MDF nor RDS can be
endotoxin, since endotoxin is not dialyzable, nor does it
have a negative inotropic effect on isolated papillary
muscles (Lefer, 1978; Blattberg and Levy, 1966).

Haglund-Lundgren's factor is a negative inotropic
factor with an unknown molecular weight. It possibly occurs
in feline splanchnic ischemia originating in the intestine.
Its formation is prevented by glucocorticoids (Lefer, 1978).

Thus, most of these factors appear to be small peptides;
most originate in the splanchnic region and exert a negative
inotropic effect.

An acute burn serum inhibitor (ABSI), isoclated from

thermally injured patients, depressed developed tension
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and decreased the rate of rise of tension of rat and human
heart papillary muscles (Hakim, 1975). This was reversed -
by digitoxin, a cardiac glycoside. Digitoxin attaches to
and activates a glycoside specific receptor, Mg++, Na+, K"
activated transport ATPase, in or on the plasma membrane
of cardiac muscle. It was therefore suggested that ABSI
may have depressed this ATPase.

The presence of a myocardial depressing substance in
dogs subjected to 50% third-degree burns was described.
This factor was suggested to have a higher molecular weight
than MDF and may be clinically significant only in burns
above 80% (Lefer and Glenn, 1973; Wangensteen et al., 1973a).

The presence of an intestinal factor in irreversible
shock has been debated. Aécording to Lundgren, MDF is not
involved in the intestinal shock model; the intestinal
venous blood contained a depressant even though the pancreas
had been removed (Lundgren et al., 1976). Haglund also
tried to convince us that the shock factor is an intestinal.
factor and not MDF. Williams demonstrated that experimental
cardiac depression cﬁuid be prevented by an intestinal
extirpation (Haglund, 1973). However, iﬁ another report,
surgical removal of the small intestine did not improve |
survival in dogs subjected to'hemorrhagic shock, whereas
chronic ligation of the pancreatic ducts did increase

survival. This implies the intestine is not the primary
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source of the toxic material in shock.

In 1957, Lillehei suggested the existence of an intesti-
nal factor in irreversible hemorrhagic shock and correlated
this factor with mucosal lesions (Haglund, 1973). A causal
relationship between these mucosal lesions and irreversibility
in shock was suggested. Mucosal lesions have been reportéd
in both man and experimental animals dying in various types
of shock. The pathogenesis of these lesions is debated also.

A marked intestinal congestion, a net increase of
regional blood volume, has been reported after hemorrhagic
hypotension (Haglund, 1973). However, the pooling of blood
in the intestinal capacitance vessels was not more than 1-2
ml/100 g intestinal tissue. This small reduction, 1.5%, of
the total blood volume could not explain the development
of irreversible shock.

Hypoxia is the key factor in the pathogenesis of the
mucosal lesions. A hypothesized countercurrént exchange
mechanism between the central arterial vessel and the sub-
eﬁithelial.network:of capillaries of the villi can explain
how hypoxia and mucosal lesions develop without any changer
in villous blood flow (Haglund, 1973; Haglund and Lundgren,
1978). An arterio-venous concentration difference is necessary
for substances to diffuse from the central arterial vessel
to the nearby subepithelial capillary network.

In severe regional hypotension, mean transit time in
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£he villi is increased up to five times that of the control.
The chances for extravascular shortcircuiting of oxygen in
the villi are increased, and the villous tips become anoxic
despite an almost unchanged volume flow of blood. Thus,
with a low pressure head, dilated villous blood vessels,

and a reduced linear blood flow rate, villous lesions result.
Destroyed villous cells will allow protein leakage. An in-
creased tissue colloid osmotic pressure and mean hydro-
static capillary pressure will upset the Starling equilibrium
across the capillary wall. This explains the increased
intestinal tissue fluid volume seen in late hypotension.

The injured intestinal mucosal tissue possibly re- |
leases products of. tissue destruction such as enzymes,
hormones, polypeptidelike substances forming cérdiotoxic
material (Haglund, 1973). This cardiotoxic material has
been isolated and consists of two heat stable fractions;
one is water soluble, 500-1000 daltons, and the other is
lipid soluble with an unknown molecular weight (Haglund
and Lundgren, 1978). A direct relationship has been shown
between the degree of mucosal damage and cardiovascular

"collapse.




37

The separate identity of MDF in light of other peptides
and substances elevated during shock

Other peptides and substances which increased in the
plasma of animals during shock were compared with MDF in
attempt to elucidate its identity.

It was suggested that MDF may represent an undescribed
kinin, since MDF is of the same molecular weight as these
vasoactive peptides and is released by proteases (Lovett
et al., 1971).

Naturally occurring peptides, such as angiotensin II,
arginine vasopressin, and bradykinin, were considered,
since they were significantly elevated in shock pldsma,
Angiotensin exerted a marked positive inotropic effect;
vasopressin and bradykinin caused a very small positive
inotropic effect. Vasopressin depressed the heart only in
very high concentrations and only indirectly via coronary
constriction. Angiotensin and vasopressin are vasoconstric-
tors which constrict the splanchnic, renal, and coronary
vascular beds. Bradykinin, a vasodilator, increases
capillary permeability and damages the microcirculation.
Thus, MDF could not be any one 6f these three vasoactive
peptides, but it is not difficult to see how they might
potentiate the action of MDF. Angiotensin, vasopressin,
and bradykinin are released early in the course of shock,

and are to a large extent metabolized or cleared prior to
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the late stages of shock. MDF appears more slowly in the
plasma and gradually accumulates during shock. The clearance
of MDF is then impaired.

Several synthetic bradykinin and kallidin defivatives
were studied, but none significantly altered developed tension
-0f papillary muscles (Lefer énd Inge, 1973). Serotonin, a
potent:intestinal vaéodilator, which is released by the
intestine after periods of local or hemorrhagic hypotension,
was also considered (Haglund, 1973).

It has been coﬁcluded that these vasoactive substances:
" along with norepinephrine, acetylcholine, histamine,
ferritin, and lactic acid do not appear to be'primary toxic
factors.. The release of ﬁhese neurohumors is more likely a
compensatory response to maintain mean arterial blood |
pressure or blood f£low in shock.

MDF activity was further determined not to be due'to_
the presence of nucleotides or ﬁucleosides (Brand et al.,u
1969). Charco#l,‘a highiy efficient‘binding agent for
nucleotides, failed to remove MDF activity from shock plasma
ultrafiltrate. Inosine and hypoxanthine levels increased
in the coronary sinus blood after hypoxia, but neither of
these compounds depressed myocardial contractility (Brand
et al., 1969).

Several other nitrogenous compounds which increased in’

the plasma of animals during shock have low molecular weights,
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are watef soluble, and have charged groups (properties simi-

lar to MDF), but they are not myocardial depressants.
Uric acid, urea, creatine, creatinine, and kynurenic acid
were some of these nitrogenous compounds (Brand et al.,
1969).

It is interesting to note that MDF was associated with
a spectrophotofluorometric peak with maximum excitation and
emission wavelengths of 330 and 428 mu, respectively {Brand
et al., 1969). The reduced form of nicotinamide adenine
dinucleotide (NADH) and kynurenic acid (a normal metabolite
of tryptophan) are the only obvious metabolites which have
excitation and emission characteristics similar to this
peak and are elevated in shock plasma. Thé presence of NADH
in this peak may be discounted since the sample was pre-
treated with charcoal in this study.

Plasma cations exert a profound effect on myocardial
contractility. Most cations, however, are well-regulated
and their plasma concentrations change only slightly in
circulatory shock. The plasma coﬁcentration of sodium
decreased slightly and calcium remained unchanged during
shock (Lefer and Inge, 1973). A significantly higher K+
concentration was found in shock plasma, but this was not of
sufficient magnitude to depress myocardial contractility
(Lundgren et al., 1976). Intracellular K+ may have been

released from damaged intestinal mucosa accounting for the
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elevation in plasma.

Thus, by studying peptides, compounds with an amino
nitrogen, amino acids, ions, and other substances that
markedly increase in plasma during shock, we can eliminate
possibilities of what MDF might be. |

A plasma elution profile from a Bio-Gel P-2 gel fil-
tration chromatographic column usually has six peaks which
are designated A through F. By comparing profiles from
control and shock plasma, the effect of shock on the eleva-
tion of certain peptides may be seen. Since each elution
volume corresponds to a molecular weight, the presence of
known substances may be identified.

Angiotensin and bradykinin were found in peak C.
Catecholamines aﬁd serotonin, if not inactivated by processing,
appeared in peak F. None of the commonly occurring cardio-~:
active substances usually found in plasma weré present in
peak 'D which was shown to contain MDF.

Sequential changes in column elution patterns in
hemorrhagic shock were studied. As shock progressed, peaks
C and D increased while peak A, containing the largest )
molecular weight molecules decreésed (Okada et al., 1974;
Okada et al., 1877).

In one study, it was determined that peaks A, B, C

had molecular weights greater than 1050, while peaks D, E, F
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had molecular weights between 130 and 1050 (Lefer and Martin,
1970a). Glycylglycine (130 daltons) and angiotensin (1050
daltons) were used as molecular weight markers.

The reported approximate molecular weights of peaks
A through F were: peak A > 1600, peak B = 1300, peak C =
1100, peak D = 800-1000, peak E = 500-700, peak F = 200-

300 (Lefer and Martin, 1970a). Peak A was characterized as
consisting of large peptides and proteins. Peak B corresponded
to unknown component(s); peak C contained a normal component

of plasma; peak D contained MDF; peak E consisted of small
peptides; and peak F contained very small peptides (Lefer

and Martin, 1970a).

However, there are discrepancies as to the number of peéks
obtained, the elution volumes for the peaks, the ninhydrin
result for one peak, and even which peak contained the myo-
cardial depressant activity.

Okada et al. (1977) obtained seven distinct peaks
instead of the six isolated by Lefer and Martin. Elution
volumes for each of the peaks which were approximated from a
chromatogram were: A 31-50 ml, B 56-81 ml, C 90-112.5 ml,

D 131-168.5 ml, E 181-206 ml, F 225-244 ml with angiotensin at
100-128 ml and glycylglycine at 237-268 ml. The flow rate
was 9-12 ml/hr (Lefer and Martin, 1970a).

In another study, peak A began at 90 ml; the flow rate

was 10 ml/hr (OCkuda and Fukui, 1974). Vitamin B;, (molecular
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weight 1355) was eluted at approximately 84-113 ml and
oxytocin (molecular weight 1007) was eluted at approximately
126-131 ml. These values were calculated from a chromatogram
(Okuda and Fukui, 1974).

The discrepancy concerning the elution volume for peak |
D was discussed earlier in this review.

211 the peaks were described as ninhydrin positive
except for peak B (Lefer and Martin, 1970a). However,
according to Okuda and Fukui (1974), peak B was ninhydrin
posi;ive.

Peak C in control plasma was reported to have slight
myocardial depressant activity, while peak D in the shock
animal had a marked myocardial depressant effect which
accounted for all of the activity of shock plasma. Harden
and Garrett (1973) used the same chromatographic media,
but their resﬁlts differed. Peaks C and E were larger during
shock; peak C showed appreciable depression. The flow
rates of the columns were 9.6-13.8 ml/hr.

A comparison of ultraviolet absorption spectra between
normal and shock ultrafiltrates was made at wavelengths of
220 nm to 320 nm. When optical density was plotted against
wavelengﬁh, the curve for shock ultrafiltrates peaked at
285 nm where the curve for normal ultrafiltrates remained

low (Ckada et al., 1977). This again indicates that there
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is an increase in circulating peptides during shock, since
protein is detected at absorption readings at 280 nm.
Human Pancreatic Polypeptide
and Age

We have questioned the separate identity of MDF in
light of other proposed cardioinhibitory factors, and
peptides and substances which are elevated during shock.

We can trace the cardiac depression which occurs late in the
shock state back to splanchnic (pancreatic) hypoperfusion :
which occurs during early shock. Thus, the pancreas plays'
the key role in the ultimate myocardial depression.

The pancreas is also the major source of a polypept;de '
which can be extremely elevated in plasma during aging.

A significant positive correlation of fhe basal plasma level
of human pancreatic polypeptide'(hPP) with age has been

shown (Floyd et al., 1977; Tavlor et al., 1978; Bloﬁm

et al., 1978). According to Taylor et al. (1978), thefe.is
no obvious explanation for this relation.‘

Human pancreatic polypeptide can be detected consistent-
ly in the plasma of healthy subjects. Pancreatic poly-
pebtide has also been isolated from four additional species:
avian, bovine, ovine, and porcine. This polypeptide has |
thirty-six amino acid residues with an average molecular .

weight of 4200 (Floyd et al., 1977). The four mammalian
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polypeptides have nearly identical amino acid sequences.
An amidated carboxyl-terminal residue (tyrosine amide)
is present in pancreatic polypeptide from all five species.
This is significant; amidated carboxyl-terminal residues
appear only in polypeptide hormones which suggests that
pancreatic polypeptide may have hormonal properties. Re-
moval of the amidated carboxyl-terminal residue markedly
reduces some biological effects of bovine pancreatic poly-
peptide (bPP).. According to Floyd et al. (1977), bPP may
be a precurscor molecule acted on by another énzyme system.
The physiologic function of pancreatic polypeptide is

unknown although a gastrointestinal function is suggested.
Bovine pancreatic polypeptide when administered to dogs will
inhibit the pancreatic enzyme secrefion which is inducea
by cholecystokinin, and the pancreatic hydrelatic secretion
which is regulated by secretin. The in vivo plasma half-
life of hPP is estimated to be about five minutes (Floyd
et al., 1977).

| Human pancreatic polypeptide was undetectable in the'
plasma of pancreatectomized patients, thus confirming the
pancréas as the origin of this polypeptide. Taylor et él.
(1378) showed that portal blood contained 1080 pmol hPP/1
compared with 176 pmol/l in peripheral blood of a patient

with Zollinger-Ellison Syndrome.
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The plasma concentration of hPP was also high in genetic
and experimental diabetes, pancreatitis, and islet cell
tumors. MDF activity was also elevated in pancreatitis.

Comparison of Age
and Shock

There seem to be several similarities in the'mechanisﬁs
of shock with that of the aging process.

The deposition of lipofuscin pigment is one of the best
characterized age changes in the myocardium. Lipofuscin, a
yellow, green, brown pigment, accumulates intracellularly
in myocardial cells, spleen, liver, adrenals, thyroid,
pituitary, nerve cells, smooth, skeletal, and cardiac
muscle (Andrew, 1971; Finch and Hayflicﬁ, 1977). The possible
origin, development, and significance of lipofuscin is
under investigation.

The origin of lipofuscin age pigment is unknown al-
though four possibilities have been suggested. The first
possibility is that lipofuscin mdy represent the remains of
lysosomes. The lipofuscin granules are sites of acid phos-
phatase activity. Acid phoéphatase is a lysosomal protease
which increases 594% in SAO shock. Several other enzymes
have been associated with lipofuscin: B-glucuronidase,
esterase, alkaline phosphatase, ATPase, succinic dehydro-

genase (Finch and Hayflick, 1977; Strehler, 1964). B-
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glucuronidase is another lysosomal protease correlated with
shock and MDF activity. Lipofuscin may occur as dense
aggregates df very small granules or as organelles containing
lucent vacuoles. Lysosomes enlarge and develop vacuoles A
during shock. Increased numbers of lysosomes have been re-
ported in myocardial cells in aging rats (Finch and Hay-
flick, 1977). The proposed lysosomal origin of lipofuscin
is favored.

The second hypothesis is that lipofuscin may be a
byproduct of mitochondrial breakdown. Nonfunctional mito-
chondria may undergo slow degradation in autophagic vacuoles.
Areas of cytoplasm containing mitochondria may be acted on
by lytic enzymes. Lipofuscin pigment bodies have been ob-
served to occur in regions of human cardiac musclé with
many mitochondria (Strehler, 1964). Advanced degenerative
changes occur in pancreatic mitochondria as a result of '
pancreatic ischemia and other shock conditions which sug-
gests»anothgr correlation between shock and age.

Thirdly, lipofuscin is also postulated to be formed bj
the cross-linking of elements of the endoplasmic reticulum
(Kohn, 1971).

The fourth possibility is that lipofuscin granules
represent secretory bodies which sequeéter harmful substances
from the cytoplasm (Strehler, 1964).

The linear relationship of accumulation of lipofuscin
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with age was indicated by Strehler in 1959 in man. In the
human the rate of lipofuscin accumulation was 0.067% pig-
ment volume per myocardial volume per year. Pigment accumu-
lated in the canine myocardium at a rate 5.5 times faster
(0.36% per year). There is a definite similarity between
the rate of accumulation of lipofuscin pigment in the dog
and man, since man has a life span which is approximately
fiﬁe times longer than the dog (Munnell and Getty, 1968;
Andrew, 1971). This linear relationship was best seen
beginning at 3.5 years of age in the dog. In a twelve
year old dog, the pigment volume was 92.7% of the myocardial
volume (Munnell and Getty, 1968). There is no adequate
mechanism of removal of the accumulation of lipofuscin.
Lipofuscin is a heterogeneous pigment which is composed
of l1lipid, carbohydrate, lipoprotein, and protein, Several
amino acids which have been identified in age pigment are:
arginine, tryptophan, histidine, lysine, tyrosine, cysteine,
cystine (Strehler, 1964; Finch-and Hayflick, 1977); Acidic
groups with strong acid characteristics are present in
lipofuscin. It is hypothesized that lipofuscin is a favored
site of absorption of lytic enzymes. It should be noted
that hydrolase activity is importapt in the mechanism of
MDF formation. In addition to accumulating with age, lipo-
fuscin will appear with longstanding tissue hypoxia and

vitamin E deficiency. It should be remembered that hypoxia
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is the trigger mechanism for MDF formation.

Oxidative polymerization of unsaturated lipids is the
critical initia;ingrreaction in lipofuscin formation. Vita-
min E, a biological antioxidant, inhibits lipid peroxida-
tion. Vvitamin E deficiency and aging processes parallel
each other (Finch and Hayflick, 1977).

Lipofuscin may impair cell function by interfering
with nerve transmission, cardiac contractility, or reactivity
of smooth muscle cells in blood vessels. This could explain
many of the debilities of age. At this time, we do not know
what effect lipofuscin has on cells; we know only that it
accumulates with age.

With age, there is an alteration in the permeability
of cellular and subcgllﬁlar membranes in mitochondrial
structure; and a reduction in their stability to harmful
factors (Frolkis et al., 1973; Tate and Herbener, 1976),.

The surface density of mitochondrial cristae per unit of
cytoplasm, the volume density of mitochondria, and .the
number of mitochondria per unit of cytoplasm decreased

in the heart and liver as mice aged (Tate and Herbener,
1976). Advanced degenerative changes in mitochondria also
occurred during shock (Okuda and Fukui, 1974).

The expected enzyme changes which occurred during shock
similarly occur with age. f-glucuronidase and cathepsin,

hydrolytic enzymes, increase in arteries of humans with age
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(Wilson, 1973). Cathepsin in the rat heart also increases
with age. Cathepsin was postulated to play a key role in
MDF formation. Monoamine Exidase, a myocardial and sSerum’
enzyme, pyrophosphatase, a hydrolytic enzyme in blood
erythrocytes, peptidase in blood leucocytes; diamine oxi-
dase in the serum, and alkaline phosphatase in the serum
increase with age in man (Finch and Hayflick, 1977; Wilson,
1973). Dopamine-g-hydroxylase, an enzyme which is necessary
for norepinephrine synthesis, increases with age in man.
Increased synthesis of norepinephrine, a vasoconstrictor,
can be correlated with reflex sympathetic stimulation during
shock.

Age-influenced alterations in blood cellular and pro-
tein components have been studied. Hematological changés
occur with age in many mammalian species.

The number of blood neutrophils increased with age in
cattle, sheep, and rats (Riegle and Nellor, 1966). Acute
hemorrhage, coronary thrombosis, or almost any factor that
causes tissue destruction will cause neutrophilia. Neutro-
phils increase in number when degenerative substances are
réleased into the blood from necrosing, ischemic heart
muscle in coronary thrombosis. Thus, neutrophilia is
associated with both shock and age.

The total leucocyte numbers were decreased with in-~

creasing age in cows (Riegle and Nellor, 1966). Lymphopenia
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also occurred with age. The decrease in leucocytes may
indicate a depression in phagocytosis similar to reticulo-
endothelial depression in shock. In the beagle, mean
leucocyte values have been reported not to change with age
(Andrew, 1971). Time trends, environmental effects of thé
calendar year, were eliminated to reveal hematological
changes caused by aging per se in a study by Dougherty and p
Rosenblatt (1965), After correction factors were applied,
it was concluded that the épparent downward trend 6f the
leucocytes with age disappeared, and only the erythrocytes
continued to show a downward trend with aging in the beagle,.
No change with age was found in total leucocyte numbers
in sheep or goats, and an increase was observed in rats,
Eosinophil numbers increased with age in sheep. Changes in
blood leucocyte patterns are frequently used as an index
of alterations in adrenocortical function (Riegle and Nellor,
1966). Cortisol, a glucocorticoid secreted by the adrenal
cortex, decréases the number qf lymphocytes and eosinophilé 1
in the blood (Guyton, 1976). Thus, an increase in total
leucocytes and eosinophils might indicate insufficient
production of cortisol. A lack of glucocorticoids would
promote lysosomal membrane disruption characteristic of
shock. Riggle and Nellor (1966), however, do caution us that
there seems to be an inconsistent relationship of the hema-

tological patterns to adrenocortical hypo- or hyperfunction.
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A decline in hemoglobin content, hematocrit, erythro-
cyte count, mean corpuscular volume, mean corpuscular
hemoglobin, and mean corpuscular hemoglobin concentration
occurred with increased age in mice (Ewing and Tauber, 1964).
According to Finch and Hayflick (1977), there are no con-.
sistent age-dependent changes in many hematological values
from species to species.

Statistically significant increases in total plasma
protein with increasing age in cattle, sheep, goats, and
rats have been shown (RiegLe and Nellor, 19266). The per-
centage of plasma albumin in rats, and plasma gamma globu-
lins in cows and goats increased with age (Riegle and Nellor,
1966). In man, globulins increésed from 36.65% of the total
protein at 10 years of age to 48.13% at 70'yearé of age
(Finch and Hayflick, 1977). 1In aged rats, al—globulins and
az—globulins increased by 22.4% and 26.8%, respectively
(Frolkis et al., 1973). In shock, proteases act on these.
mz—globulins to make peptides like MDF.

According to Orgel's error theory of aging, an in-
creasing number of errors in protein synthesis occurs with
age (Wilson, 1973). An age-dependent accumulation of
aberrantly behaving protein molecules is possible (Finch and
Hayflick, 1977). According to the autoimmunity theory of

aging, abnormal serum globulins and autoantibodies are found
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in increasing percentages of an aging population (Kohn,
1971).

Plasma or seruﬁ from aged animals inhibited cell pro-
liferation in tissue culture media. Both a protein and
lipid fraction from the serum were inhibitbry (Kohn, 1971).
It is suggested that toxic factors are present in the blood
from aged animals. It is not unlikely that a variety of in- -
hibitory substances that are excreted or metabolized in the
young accumulates in the blood of older animals due to less
efficient homeostatic mechanisms. There is a decline with
age in the function of the major organ systems (heart, lung,
kidney, blood vessels) responsible for maintainihg homeo-
stasis. In shock, the homeostatic balance is overwhelmed
and MDF is produced.

Age-related changes in the structure and function of
the thyroid gland have been studied. The thyroxine-binding
capacity of serum thyroxine-binding globulin, thyroxine-
binding prealbumin, and albumin is decreased with age,
despite an increase in quantity of these proteins (Frolkis
et al., 1973). This may indicate that the structure of
the serum globulins is changing with age.

There is an increase with age in the deiodination
processes in heart, muscles, and liver. Frolkis et al. (1973)
suggested that the increased deiodination capacity of the

myocardium could help explain cardiovascular disorders in
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¢linical thyrotoxicosis of old people. A similarity between
symptoms of hypothyroidism and aging was suggested.

(Frolkis et al., 1973). Although thyroid hormone secretion
decreases with increaéing age, the rate of thyrox£ne (T4)
disposal decreases, resulting in an unchanged circulating
plasma level of T, (Finch and Hayflick, 1977). Triiodo-
thyronine (T3), a more poﬁent form of thyroid hormone,
significantly decreased with age. The significance of

this decrease remains to be determined (Finch and Hayflick,
1977). KXohn (1971) concluded that there is no characteristic
endocrine gland failure, with respect to the hormones necés—
sary for life, which is associated with aging.

With age, there is a decrease in perfusion of organs
and in tissue permeability, an impaired passage of materials
between blood vessels and cells, and an increase in
peripheral vascular resistance due to a progressive inter-
molecular cross-linking of collagen. Pancreatic hypo-
perfusion was also significant in shock and MPF production.
Collagen is distributed in and around walls of all blood
vessels and around cells; the passage of materials takes
place through a collagen-containing matrix. Diffusion of
gases, nutrients, metabolites,‘hormones, and accumulated
toxins is hindered by cross-linked structural proteins due to
the vessel-connective tissue-cell relationship.

It is suggested that cross-linking of collagen duriﬂg
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aging results, at least in part, from the oxidation of
constituent tyrosine residues to reactive quinoid struc-
tures capable of binding covalently to adjacent functional
groups (LaBella and Paul, 1965). Amine oxidase plays a
role in the oxidafive deamination of lysine resulting in
cross-linking (Kohn, 1971; Finch and Hayflick, 1977).

Amyloidosis is associated with aging (Finch and
Hayflick, 1977). BAmyloid is a hyaline eosinophilic material
that is mostly in extracellular masses, causing atrophy of -
adjacent cells. It has different chemical compositions when
associated with different diseases. It is suggested that
some form of amyloid may be a normal component of connec-
tive tissue, |

According to Einch and Héyflick (1977), calcium ion-
concentrations in cardiac muscle of rats decreased as age
increased. The increase in collagen content, fibrosis, age -
pigment, and o?her morphological changes associated with
aging could ﬁéchanically interfere with the contractile
process,

Free radicals, highly reactive short-lived molecules.
containing an unpaired electron, increase in the blood
with ége. Diamine oxidase, an enzyme which increases with
age, may produce an excess of superoxide (-05). Peroxide -

(H202) and oxygen (02) are effective in maintaining
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autooxidations initiated by active radicals.

02 + e. -+ '-02'

.02

+H22

> OH + *OH + 0,
The hydroxyl-free radical (-OH) is produced in the above
Haber-Weis reaction (Finch and Hayflick, 1977) and plays a
role in aging.

Serum copper levels increase with age. Copper Serves
as an oxidation catalyst for free radical reactions. It is
of interest that men with myocardial infarction have sig-
nificantly higher average serum copper levels (Harman,
1965). A positive correlation of the serum level of copper
with coronary artery disease was again shown in Harman and
Piette's study in 1966. Ceruloplasmin, a component of the
az—globulin fraction of serum, increases with age and is
concerned with copper transport, complexing with about
98% of the total serum copper in man (Wilkinson, 1976).

The lipid peroxidation reaction initiating lipofuscin
formation is a free radical chain reaction. This reaction
causes extensive damage to membrane structure, ATP and a-
tocopherol (Vitamin E) (Finch and Hayflick, 1977). The cross-
linking of collagen during aging also results from a free-
radical reaction. The most important intermolecular bond{
initiated by a reaction of lysyl-oxidase, is catalyzed by

copper ions. Oxidative alterations in chromosomal material,
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arteriolocapillary fibrosis, and tissue injury are deleterious
changes resulting from free radical reactions.

Several substances capable of reacting rapidly with
free radicals, such as 2-mercaptoethylamine and cysteine,
have been found to significantly prolong the life span
of mice (Harman, 1965). It should be remembered that cysteine
significantly lowered plasma MDF and cathepsin D activity in
shock animals. Perhaps free radicals play a role in shock
in addition to aging.

Beneficial effects were produced by free radical reac-
tion inhibitors, and according to Harman (1968) may be due
to an inhibiting effect on the rate of amyloid formation.

‘There is a decrease in serum antioxidants such as
ascorbic aciad and mercaptans with age (Harman,-1965).
Ceruloplasmin is an oxidase and can oxidize ascorbic acid.
The-decrease in seruﬁ levels of readily oxidized substances
with advancing age suggests an age-dependent rate of oxida-
tion. Serum mercaptan groups are attached mainly to globulin
protein., The possibility exists that newly formed serum
protein contains fewer mercaptan groups with increasing age
(Harman, 1960).

A major site of formation of extracellular free radicals
may be in plasma, since the concentration of molecular

oxygen is relatively high, and catalysts for the reaction of
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oxygen with lipids, proteins, ascorbic acid, epinephrine
are present in small concentrations.

Free radicals appear to be involved with many of the
factors that increase in the blood and body with age:
diamine oxidaée{ copper, ceruloplasmin, lipofuscin, cross-
linking of collagen, amyloids.

Several investigators have reported age-dependent
changes in human cardiac dynamics, such as decreased rates
of pressure development, ejection and filling. Contraction
rates decreased with increasing age in some papillary muscle
studies.

Mechanical properties of muscles reflect the bio-
chemical activity of the contractile proteins within the
muscle cells. Heller and Whitehorn (1972) showed that cardiac.
myosin B extracted from young animals had a significantly
higher rate of ATPase activity than that from old animals.
Myosin 8 ATPase activity is the energy-supplying event
associated with contraction.

The velocity and extent of shortening of the papillary
muscle when lightly preloaded were shown to be significantly
age—-dependent. Preparations from young animals contracted
faster and further. An age-dependent decrease in the
velocity of shortening of the contractile element is im-
plied. It is suspected that the series-elastic element is

stiffer in the older animal. There was a slight, but
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insignificant increase in time to peak tension with age
(Heller and Whitehorn, 1972).

The cross-sectional areéa of the papillary muscle in-
creased significantly with age (Heller and Whitehorn, 1972).
When the cross-sectional area increases, mechanical proper-
ties can be affected by a hypoxic core (less oxygenation
of the inner core of the muscle). The slight decrease in
active tension development with increasing age may be due to
this hypoxic core effect (Heller and Whitehorn, 1972).

According to Heller and Whitehorn (1972), the rate
phenomena of the contracting muscle is most affected by
aging, being regulated by the enzymatic activity of the
contractile proteins (myosin-ATPase).

Thus, the myocardial contractilé properties altered
Qith age were similarly affected in shock. Many of the
chanées occurriﬁg.in the blood and.body in the aging process
can be traced to commoh elements in the shock picture.

It is this interesting similarity between shock and
age that I base my hypothesis. If there really is a shock;
induced MDF which.I will first confirm, I will attempt to
demonstrate its additional presence in the plasma of aged
dogs, thus tying_togéther the many similarities between

shock and age.
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Mechanics of Myocardial
Contraction

It was demonstrated in 1944 that the isolated papillary
muscle could be used for mechanical studies of the myo-
cardium (Grimm and Wohlfart, 1974). The papillary muscle
provides a sample of parallel fibers of cardiac muscle with4
out the geometric complexities of the heart.

The papillary muscles are attached by chordae tendinae
to the leaflets of the atrioventricular valves in vivo. The
papillary muscles and the ventricular walls contract
to pull the leaflets of the valves toward the ventricular
chamber., This prevents the valves from being forced too
far backward into the atrial chamber during ventricular
contraction. If a chorda tendinea is ruptured or if a
papillary muscle is paralyzed, the valve is forced backward,
causing it to leak. A severe cardiac incapacity may result.

In vitro, the isolated papillary muscle system can be
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used as a bioassay for MDF. Alterations of the mechanical
performance of the muscle which are induced by MDF can be
demonstrated with force—velocity relations.

Concepts, clarification of the parameters used in
experimental procedures, and their relation to in zigg

situations are presented.

A model for muscle

A three-component model dévised for skeletal muscle,
the Maxwell version of the Hill 1939 model, seems to be the
most suitable mechanical model for rat papillary muscle

(Minelli et al., 1975). The first component, the contréctile'

 elehent (CE), develops force and shortens when activated,
and is extensible at rest. The primary components of the CE
are myosin and ‘actin filaments with their cross-bridges.
The second component is the series elastic element (SE) which -
is composed of nonactivatable tissue. In series with the
CE, the SE is passively stretched by shbrtening of the CE.l
The third componént‘is the parallel elastic element (PE)
which is also nonactivatable tissue and is parallel to .both |
the CE and the SE., The PE maintains restiné length of the |
freely extensible CE énd supporﬁs the SE-during resting
tension.

In brief, when the CE contracts and shortens, the SE

is stretched. When the contractile force stretches the SE
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to the point that its elastic tension equals and exceeds the

load, the muscle shortens and lifts the load. Thus, the
active state of the CE is transformed into external me-
chanical activity by stretching -the SE. The active state
represents a capacity of the CE.to shorten and develop
force. Maximal dsometric tension developed by the CE is

the greatest tension that can be produced without appreciable

shortening of the muscle (Parmley et al., 1972; Grood et al.,

1974).

Frank-Starling’law

The Frank-Starling law of the heart is an underlying
concept in cardiac physiblogy which basically states that
'cardiac output is a function of venous return. The heant
has an intrinsic_ability"tc adapt to changing volumes of in-
flow1ng blood. When additional blood énters the heart
chambers, cardiac muscle becomes stretched, which alters the
initial 1ength of the cardiac muscle flbers. The stretched
huscie will normally contract ﬁith increased fonce to pump -

the extra ‘blood -into the arteries.

Preload'curVe
The mechanlsm of the Frank Starllng 1aw has been
demonstrated in v1tro with the mechanlcs of isolated

papillary muscle. The dependence of the force of contraction
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on initial muscle length (preload) has been depicted by the
length-tension curve (preload curve). Preload has been
defined as the amount of weight attached to a lever which-
establishes the resting length and tension in the inactive
muscle before a contraction occurs. With the left ventricle
as an example, preload is analogous to left ventricular end-
diastolic volume in vivo which determines muscle fiber
length which in turn is analOgoﬁs to end-diastolic pressure.
Preload determines the degree to which the myocardium is
stretched before it contracts.

In the following discussion on preload and afterload it
is assumed that the state of contractility is held constant.
The ventricle normally functions along the ascending limb
of the length-tension curve. The peak of the curve is

defined as L the length of muscle that produces

max’ .
maximal contraction. Sarcomere length is directly related to

muscle length. Thus, L is that length determined by a

max

preload which produces the optimal average sarcomere length
to give maximal contraction. A preload of a selected per-

centage of Lm is a preload which will give that percentage

ax
of maximal contraction. When muscle length (sarcomere length)

is either shortened or increased from L developed tension

max "’
falls.
In isolated papillary muscle, peak developed tension

has been shown to occur with a sarcomere length of about




63

2.2p (Leyton et al., 19fl; Detweiler, 1973). The sarcomere
is the fundaméntal contractile unit. The contractile pro- ,
teins, actin and mypsin, are arranged in an interdigitating
array within each sarcomere. Contraction involves a move—
ment of the actin filaments towards the center of the sarco; '
mere, sliding between the myosin filaments. A sarcomere
length of 2.2u is an optimal overlap of thick and thin
(ﬁy&sin and acfin) filaments to produce a maxiﬁal contrac-
tion. Further stretching causes withdrawal of actin fila-
-ments from the interaction ﬁith myosin. Lateral projections
(cross-bridges)} from the.thick.filaments'attaéh to thin fila-
ments during aqti&ation, and are involved with the generaﬁibﬁ
of a Eorce whidhmpuils the thin filaments inward. This is:tHé
qross-ﬁridge‘theory. Thus, optimal overlap between thick .
and thin filamentg allows for potentially more cross-bridgé
,gt;achmentS'whigh,has the important consequence of the
gﬁneration of more forée. ”

The length-tensiorn curve is therefore an experimental
derivation of the Frank-Starling law of ‘cardiac¢ tissue. .Axf
sarcomere length_of'2.2u, in'addiﬁion,to corresponding to
L

«-maX'
‘in both the right and 'left ventricies.(Leytqn'et al.,, 1971).

occurs at the upper limit of diastolic filling préssﬁrek

An increase in diastolic filling changes the length of the -
individual muscle fibers. This alters the degree of overlap

of the filaments,_ﬁhich in turn alters the number df"active
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contractile sites which are capable of generating force.

Afterload
The preload and afterload together make up the total
load which the muscle contends with when stimulated. In
vitro, afterload is the additional weight added after a
stop has been fixed onto the arm of a lever. (The stop pre-
vents further stretching of the resting muscle and thus
prevents the afterload from acting as a preload). It is an
additional load for the muscle when it begins to contract.
In vivo, afterload is analogous to the aortic pressure,
the resistance against which blood is expelled from the heart.
In summary, the volume of ventricular filling determines
the initial length of the muscle fibers (prelocad). At the
time of systole, the fibers contract isometrically until
the pressure in the ventricle exceeds that in the arteries
and blood is ejected. The ventricular fibers then shorten -

as contraction proceeds against the pressure in the aorta

and pulmonary arteries (afterload).

Force-velocity relation

When preload, which determines initial muscle length,
is kept constant, there is an inverse relationship between
force and velocity. The initial velocity of shortening

decreases with increasing afterload as demonstrated by the
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force-velocity curve (Parmley and Chuck, 1973).
The inverse force-velocity relationship is considered to
be associated with the CE and may be explained by the sliding

filament and cross-bridge theory. A certain amount of time

ié'required for a cross-bridge to attach to an active site -on

‘the thin filament and develop force. The muscle has a slow

~ shortening velbcity, because time is consumed by the forma-
tion of a large number of cross-bridges which result in a
large generation of force. A rapid velocity occurs when

less total force is generated by the formation of a fewe;
number of cross~bridges which require less time to attach

to the active. sites on actin,‘as~w§ll as to react and develop

fdrqe (Nayler, 1975).

Po The two intercepté of the force-velocity cuﬁvg :
meri‘t'—?d-isi:u_séion.—. P.r the x-intercept, is the load which |
jﬁst'prevénts external muscle shortening and représents
maximum isometric force. Pé is proportional t§ the fraq-
tion of active sites capable:of producing force (actin-~
‘myosin interactiops) at zero .contractile element velocity.l
Thus, ﬁith a constant or given state of contractility,
chanéeg in Po are produced by alterations in muscle

iength.
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-1 rcept on a force-velocit
Vmax Vmax' the y-inte )9) V'

curve, is an extrapolated maximum velocity of shortening

of the contractile filaments at zero load. Vmax cannot
be meastured directly because the muscle cannot be fully
unloaded. The true V . - occurs when the internal load
is zero; this is different from the extrapolated Vmax where

only the external load is zero.

According to Gulch and Jacob (1975a, 1975b}, there are
unknown "nonvanishing” internal forces which mechanically
hinder the sliding movement of the filaments and influence
Viax Measurement. Edman and Nilsson {(1972) and Grood et al.
(L974) also suggested the presence of a substantial in-
trinsic load acting upon the myofilaments. If muscle fibers
are prevented from widening during shortening, a pressure
rises, ultimately producing a longitudinal force at each
end of the fiber which would act as a load upon the CE.

There is a controversy concerning the independence

of Vﬁ on muscle length. This debate is significant since

ax

it questions the value of Vm as an index of contractility

ax

in cardiac muscle. A constancy of Vihax Over a range of

b
muscle length is important for its use as such an index,
particularly in the intact heart. According to Parmley
et al. (1972), Vmax—total indepéndence of preload is an ideal

requirement for an index of the contractile state. Vmax'



67

shéuld only be altered by inotropic influences if it is to
be used as an index of contractility.. Contractility has been
described as changes in the mechanical performance of cardiac
muscle which are independent of fiber length (Donald et al.,
1972).. A chénge in contractile state relates to the rate
at which cross-bridges between the myofilaments are formed
and broken (Parmley and Chuck} 1973). ‘Thus, an index of
‘cardiac contractiiity should serve to distinguish altered
mechénical responses of muscle due to changes in length froﬁ'
cﬂanges in fhe,intensity of the active state due to ino;
tropic interventions. |

- Vhax is determined by the rate at which,tpe actin-,
actiﬁated myosin crOSs—bridgeS'hyd;olyze_ATP (myosin ATPase - .
activity), and is independent of the numberléf active sites;
' Vinax is incrgased bj positive inofrppic agents such as
'ndrepinephrine; digitalis, glycosides, calciuﬁp

~Vﬁak'is unch;néed by chénges in preload, but altered
by dhanges in contéactile state (Parmley et al., 1972;
Dgtwéilgr, 1973). According to Grood et al. {1974), the
only influence of muscle length=w§$ to determine the numﬁe%
of participating cfoss-bridggs, There was an increase in
the force deVelopedu(Po) whén preload ﬁas-increased |
(Detweiler, 1973; Parmley et al.; 1969; Kababgi et al., .
1974).. |
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According to Weber and Janicki(1977), shortening velocity was
independent of initial muscle length, the initial length
serving only as the starting point of the contraction. It
has been concluded that the velocity of fiber shortening
serves as a useful estimate of the contractile state.

According to Brutsaert et al. (1971, 1973), Vmax re-—
mained constant and was thus independent of the initial
muscle length from Lmax to 87.5% Lm . This corresponded

ax
to sarcomere lengths of 2.2u and 1.9y indicating that Vﬁa

X
was independent of the degree of myofilament overlap.

However, when sarcomere lengths of 1.8u or less were
reached during shortening, Vﬁax fell with length. The reason
for this decline in Voax at shorter ;engths was andlis poorly
understood. It is possible that at these short sarcomere
lengths, the thin filaments may pass into the opposite half
of the sarcomere and interfere with force-generating bonds
(Brutsaert et al., 1971; Brutsaert et al., 1973). Internal
forces may also come into play at these short lengths.

According to Noble (1974), vmax exhibited only small
length-dependence when muscle lengths were studied from 94%
Lmax to 100% Lmax'

Conflicting results have been reported by other investi-
gators. According to Parmley et al. (1972) and Minelli
et al. (1975), increasing the muscle length along the

ascending limb of the Frank-Starling length-tension curve
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resulted in incEeases in both Vﬁax of the CE and P Thus,”\
vmax was dependent on muscle length. vmax was significantly
dependent on preload (increasing with muscle length) even

in the physiological range between 85% Lmax and Loax
(Gulch and Jacob, 1975a).

According to Donald et al. (1972), Vm was signifi-

ax
cantiy increased with increasing initial muscle length. A
linearized form of the Hill egquation was used. At the

shortest muscle length, V

max Was 76% of its maximum, while

the isometric force (Po) was 43% of its maximum, It was
concluded that Voax Was less sensitive than isometric force
to changes in muscle Ffiber length in cardiac muscle. It
hgs‘peen proposed that the factors respbnsible for the
drastic fall in isometric force‘(Po) at muscle lengths belowj

L

max’ would probably have a similar effect on vma to the

be
same degree, as is true in skeletal muscle.

~ The medhaniémé which are responsible for the muscle
length-aependént change in cont;gctile sﬁate have not been
determined. Oﬁe cause may beé an increase in available
Ca++ to the myofilaments (Parmley and Chuck, 1973).

Loeffler and'Sagaﬁa (1975),claimed that use of a

three-element muscle médel might invalidaté the once wide-~
spread postulatefthgt vhax of the CE ié-independent of
initial muscle length.

In'spite of these discrepancies concerning the value of
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Vﬁax as an index of contractile ‘state; it has been used.
Okada et al. (1977) have expressed the depression of myo-

cardial contractility in terms of V,ax PY studying sequential:

ax during hemorrhagic shock.

changes in Vi
According to Weber and Janicki (1977), an adequate
minimum definition of contractile state must include a
description of instantaneous force, shortening velocity
and fiber length. The most relevant index of myocardial

activity may be provided by the force-velocity relation

(Edman, 1977).

The Hill equation The Hill equation should be

qﬁestioned as to its applicability to cardiac muscle. The
true shabe of the force-velocity curve %ﬁ\cardiac muscle is
still debated. A, V. Hill, in 1938, identified the mathe-
matical relationship between force and velocity as fitting
a hyperbolic curve for tetanically stimulated skeletal

muscle. The Hill equation is:

(Pta)v = b(Po—P)

P represents force; v represents velocity; Po is isometric
force. Vﬁax is calculated as bPo/a. "a" and "b" are mechani-
cal constants; "a" has dimensions of force; "b" has dimensions

of velocity. When (PO—P)/V is plotted against P, a straight

line with positive slope 1/b and y-intercept a/b results
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{Brady, 1965).

Since "a" has dimensions of force, (P+a)v = force X
velocity = energy. The term b(PO—P) increases as the force,
P, decreases. Thus, the energy output of a muscle increases
as the load, P, decreases as defined in the Hill equation
(Goll et al., 1977). |

The force-velocity relationship was extended to cardiac .
muscle and found to be significantly nonhyperbolic by
many investigators (Loeffler and Sagawa, 1975; Donald et al.,
1972; Nayler, 1975; Gulch and Jacob, 1975a; Brady, 1965).

It is rare that cardiac muscle force-velocity curves
can be described by the Hill equation (Donald et al., 1972;
Nayler, 1975). Cardiac muscle force-velocity curves obtained
from afterloaded isotonic contractions are not usually
hyperbolic in shape over the entire force domain; they
generally become linear or concave downward at the higher
forces.

Edman and Nilsson (1972) were only able to obtain a hy-
.perbolic force-velocity relation by an instantaneous quick-
release method when they maintained the length of the CE
constant. However, the quick-release method has been
questioned by those who have claimed that the technique
introduces errors (Loeffler and Sagawa, 1975; Noble and Else,
1972).

According to Brady (1965), the data from skeletal muscle
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experiments fit the rectangular hyperbola of Hill due to
inherent muscle properties which cardiac muscle does not
share. There are four basic‘properties: the onset“of
contractility is rapid; twitch tensions éan be summated by
repeated stimulation such that developed tension becomes
independent of time; maximum tetanic tension development is
no£ greatly length dependent over a significént range of
muscle lengths; and the coﬂtribution of resting tension to
total tension is negligible over this range of lengths.

Data from rabbit papillary muscle experiments did not
fit hyperbolic¢ force-velocity relations. The curves which
Brady (1965) developed were not straight lines with positiﬁe
slopes. It was concluded that the Hill equation for skeletalA
muscle cannot be applied to Cardiac muscle whose fofce-
velocity relatibn”is nonhyperbplic (Brady, 1965). This.was
explained by proposing thét the excitaﬁion-contraction

coupling in cardiac muscle is different.
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MATERIALS AND METHODS
Surgical Procedure for
Producing MDF

Pancreatic ischemia was produced by 6cclusion of the
superior and inferior pancreaticoduodenal arteries, and thg._
;éplenic artery in a young male mongrel dog. Rubber bands
were used to o¢clude the vessels.

A ventral midline abdominal incision was made from the
xiphoid process caudai}y to a point along the linea,élba.wherér
manipulation of the pancreas would be possible.. The superior l
‘pancreaticoduodenal artery was ligated caudal to the bifurca-
tion of the gastrdduodenal artery (originating from the
hepatic értery) into the right gastroepiploic artery and thé
sqﬁerior pancreaticoduodenal artery which enters the right
_pancregtic lobe. :The inferio;Jpancreaticoduodenal artery which
aiso enters the right panéreatic lobe‘was 1i§ated caudal to
the éuperiér mesénferic artery bifurcation. The splenic afﬁerj
whipb enters the ieft'pancreatic lobe wasliigaﬁed ¢auda1'tq“the
cgliac bifurcation. The Qancreaﬁic branch of the superior -
pgncrgaticoduodenal artefy which entérs the left lobe and *
anastomoses with pancreatic,b;éncheé-of the splenic artery
was occluded. Small branches from the common hepatic artery
entering the left pancreatic lobe were checked fof'occlusién.

The duration of thé occlusion was 130 minutes. The rubber
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bands were removed over a 15 minute period. Twenty minutes
after removal of the last rubber band, sixty milliliters of
blood were withdrawn from the hepatic portal vein for MDF

isolation.
Blood Collection Procedure

Although blood was withdrawn from the shock animal via
the hepatic portal vein, the jugular vein was used to obtain
blood from the aged animal.

Blood was collected in 10-ml heparinized vacutainer
tubes (Becton-Dickinson) and immediately placed in an ice
bath. The blood was centrifuged in a GLC-1 Sorvall centri-
fuge at 2500 rpm for 20 minutes at 4C. The plasma was
removed with a disposable pasteur pipette and placed in 20-

ml scintillation vials, bubbled with N,, and stored at 0C.
Dialysis Procedure

The frozen plasma was thawed, filtered with glass wool
to remove the cryoprecipitable proteins, and dialyzed
against double distilled, deionized water under a pressure
of 200 mm Hg for 48 hours at 4C (Figure 1).

One end of Spectra/Por 6 dialysis tubing with a flat
width of 32 mm, a diameter of 20.4 mm, and a molecular

weight cutoff of 2000 (Spectrum Medical Industries) was
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gently fastened onto the half-bulb end of a l-ml volumetric °
gléss pipetté with rubber bands and plastic straps. A
spectrapor closure was used to seal off the other end of the .
dialysis tubing. The dialysis tubing suspended from the |
pipette was placed into a 250-ml Erlenmeyer flask filled
with 250 ml doublé distilled, deionized water. The membrane
was kept moist at all times during the aftachment procedure. .
Approximately twenty ml of filtered plasma was then placed
into the dialysis tubing via a three-way valve at the distal
epd of the pipette.

As the pressure provided byla N2 tank was slowly in-
creased to 200 mm Hg, which was monitored continuously
with a manometer, observations were made for pinhole leaks
in the memnbrane. The dialyzing was pefibdicallf checked
during the 48 hour.period for leaks in the system and a

ruptured membrane.
Lyophilization Procedure

Ten-milliliter portions of the plasma ultrafiltrate
were lfophilized for approximately 7 hours (Labconco freezé
dryer-~5). The lyophilized sample was either stored undér
N2 or reconstituted to 2 ml (20% of the original VO;Ume)
with double distilled, deionized water and centrifuged at

22507rpm for 10 minutes at 4C.
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Gel Filtration Chromatography

The supernatant fluid of the centrifuged 2-ml lyo-
philized plasma ultrafiltrate sample was then layered on a
glass barrel Econo-column with a l.5lcm I.D., 120 cm column.
length, 190-ml column volume (Bio Rad Laboratories). The
column was packed with Bio-Gel‘P-Z, a polyacrylamide gel
(200-400 wet mesh). Substaﬁcés with molecularﬁweights'bé—

- tween 200-1600 are separated (Lefer, 1970). This is the
exélusion limit for Bio-Gel P-2. A 500-ml Econo-column .
reservoir was fitted onto the column. Medigal grade vinyl .
tubing (0.082 I.D. x 0.142 0.D.) (Becton-Dickinson) was

‘aFtachedlto the Luer outlet of the column and varied in

length from 260-330‘cm for four colummns. The tubing and.thef

height of the column were adjusted so that the pressure

head would be'sufficiént-to establish gravity flow rates be="

tween 9.2 and 11.4 ml/hr. The eluate was collected in 4.6-
5.7 ml fractions (depending on.the flow rate) (Buchlerx
,Fragtqmetﬁéﬂzqo automatic fraction,collecto:, circular ISCO

fraction collector).

Packing procedure

54.3 g of Bio-Gel P-2 was dissolved in 570 ml of modi-
fiéd-KrebsiHenseleiﬁhbufferlWithouﬁ dextrose and bicarbonate
(pH 7.38) in a 1000-m1 Erlenmeyer £lask with sidearm. "Thé'

gel was allowed to .swell. at room'température for four hours.
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After warming the resultant slurry in a 60C water bath for 30
minutes, it was deaerated by vacuum for 15 minutes. The gei
was then ready fof packing the column.

Deaerated Krebs-Henseleit buffer minus dextrose (pH
7l38) was first poured into the column to fill up approxi-
mately 20% of the column volume. The entire slurry was
then poured through the reservoir fitted on top of the
column. The column settled by gravity flow. After a short_
while, the column was allowed to flow by removal of a
hemostat which was originally placed_on the tubing exiting
from the column Luer outlet.

The freshly prepared column was then transferred to
the cold room (4C) where all additional column work and

diélysis were conducted.

Layering a sample

Before layering a sample on the column, the optical
density of an eluted buffer fraction was read at 230 nm to
check for any contamination. A deaerated, modified dextrose-
free Krebs-Henseleit buffer (pH 7.38) was used to elute thé
column.

With a piece of tubing, the buffer was siphoned out
of the reservoir and the remainder of the buffer was
pipetted out of the column to the level of the bed. The

sample was carefully introduced down the sides of the column
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with a long pipette without disturbing the bed. After:the'hl
g-m1 sample was just absorbed, two 2-ml aliquots of buffer
—were applied iu—a eimllar-fashion:to move the sample
down the cOlUmn. |

. The first fractlon was collected as soon as the sample
-was applied to the column; After the second 2-ml allquot of'
buffer was just abéorbed iuto the bed, fresh buffer was
gently pipetted dowu"the sides of the column to fill that
portion of the column abovée the. top of the bedi The reservoir:
was replaced and slowlf refilled with‘fresh buffer. Frac-‘.
tions ?ere collected until the total elution volume reached

approximately 300 ml.

Maintenance of the'column
At the end pf’eacb_run{ the‘bUffer level was.draiuedith -

.the top of the bed. The upper 1.0-1.5 em layer'of‘fbeugelf;

bed was stlrred up and removed w1th pasteur plpettes. The

entire buffer volume down to the- top layer of the bed

was remoVed and replaced with fresh, deaerated buffer on.

alternate days. Additional fresh buffer was added to the

'resérveir at 'all other tlmes.v The~columns flowed contlnuously,“

Calibratibn,ofgthe,cdlumn-'
ﬁhe'veid'ﬁolumeswof the columns were determined with B
dextran blue (molecular weight' 2,000,000) (Sigma). Twenty -

nig of dextran blue was dlssolved in 1 ml of H20. One dropi.
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"of this solution was then placed in 1 ml of buffer and

this 1-ml sample was layered on the column. The only modi-
fications wefe that whenever a 1-ml sample was applied which
only occurred for molecular weight markers, 1-ml aliquots

of buffer were used instead of 2-ml aligquots to move the

sample through the column.

Molecular weight markers Five mg of angiotensin II

(l-L-asparaginyl-5-L valyl angiotensin octapeptide) with a
molecular weight of 1225 (Ciba Pharmaceutical Company) was
dissolved in 1 ml of water (0.0041 M solution) and layered
on three columns at separate times. The optical density was
read at 280 nm.

'Five mg of 5-isoleucine angiotensin II (L-asparaginyl-
L-arginyl-L-valyl-L-tyrosyl-L-isoleucyl-L-histidyl-L-

prolyl-L-phenylalanine«CH,COOH) ' with a molecular weight of

3
1106.3 (Sigma) was dissolved in 1 ml of water (0.0045 M
solution) and layered on one column. The optical density
was read at 280 nm. _
Five mg of angiotensin III inhibitor (deSeAspl, Iles
angiotensin II; H-Arg-Val-Tyr-Ile-His-Pro-Ile-OH) with a
molecular weight of 896 (Beckman) was dissolved in 1 ml of
0.1 M acetic acid and layered on one column. The optical

density was read at 280 nm.

Fifty mg of hexaglycine white crystals with a molecular
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weight of 360.3 (Sigma) was placed in 1 ml of IN HCL,
warmed until dissolution, and then layered on one column.
.&his was repeated using 30 mg of hexaglycine in 1 ml of
warm 1N HCl. The optical dénsity was read at 280 nm,

Two ml of a 0.03 M solution of glycylglycine with a
‘molecularrweightAof‘132.1 (ICN-Nutritional Biochemicalsy
:was 1ayered‘oﬁ feur columns. The optical density WaSireadlq

-at 230 nm.

Detection of Protein

,hgpeorption spegtrbphoﬁometyy“

Elution chromatograms were derived froﬁ optical_densityf
:eeeingsatl230 nm . using quartz‘puvettés and a Beckman
' DB-GT ‘spéctrophotometer for the fractions of each column
_?uﬁ} -Most of the molecular. weight markers weré detected .

af 280 nm.

Ninhfdfin procedure'

# The presence of amino nitrogen in the eluatehwas
conflrmed by . the nlnhydrln reactlon which ylelds a v1olet
condensatlon product dlketohydrlndylldene dlketohydrlnd-"
amine. ] The nlnhydrln reagent was prepared accordlng to
the method of Kabat (1961): 40 mg SnCl,2H,0 dissolved in -
25 ml of 0.2 M cltrate buffer (pH 5) was added to 0.4 é '

hinhydrin (1,2,;-;ndantrlone monohydrate) in 12.5 ml of
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methyl cellusolve (ethylene glycol monomethyl ether).
One tenth-ml samples from each of the peaks eluted
from the columns were added to either 5- or 10-ml glass

stoppered volumetric flasks with 100-microliter disposable

pipéttes. One-half ml of ninhydrin reagent was added. All

~flasks were heated in a boiling water bath for 20 minutes.
Samples were colorimetriéally tested for the presence or
absence of amino nitrogen.

Fractions were pooled within peaks according to their
optical densities and ninhydrin reactions.

Preparation of Eluted Column Peaks
for Papillary Muscle Bioassay

Ten-ml aliquots from peaks that were eluted from the
column were lyophilized and reconstituted with double
distilled, de;onized water to 2 ml.

A modified Krebs-Henseleit buffer was used to elute
the Eolumn and for the papillary muscle bioassay. The

modified Krebs-Henseleit buffer that was used for the

papillary muscle bath was modified further for the prepara-

tion of the lyophilized test peaks.
The concentration of each of the constituents of the
modified Krebs-Henseleit buffer was: NaCl (114.56 mM) ,

KC1 (5.09 mnM) , MgC12-6H20 (1.20 mM), NaH PO, -H,0 {(1.26

2 2
mM) , NaHCO,(25.00 mM), D-glucose (10.99 mM), CaCl, (2.58

mM). The concentration of CaCl2 was increased from 2.58 mM
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to 3.25 mM when the krebs-Henseleit buffer was used to pre- .
pare the 1yophi1i2ed test peaks for bioassay. _

The pHE of the Krebs-Henseleit buffer (2.58 mM CaClz)
was adjusted to 7.38 with 0.4N NaOH and 1N HCl, and the
osmolarity which was measured with an osmomete; (Advanced ™ .~ .-
Instrumentsi was between 280 and 285 milliosmols/liter.

The buffer prepared in this manner was used in the papillary -
muscle chamber,‘ The glucose-free buffer used for eluting |
the column was adjusted for pH only.

- Twenty—-three ml of the Krebs-Henseleit buffer (3.25
mM CaClz) was added to the reconstituted lyophilized test
peak. The pH of this 25-ml test sample was adjusted to
7.38. The addition of 6 ml of H,0 was necessary to adjust.
the osmolarity from 349-356 to 282,

The procedure in brief outline form prior to the
papillary muscle;bioassay step is diagrammed in Figure 2..' 
A stepwise dilution and concentration scheme for tﬁe
sample, which was calculated by volume, is indicated.

This procedure was followed for processing'shdck
plasma, and plasma from young and aged dOgé. In these
experiments, the fourth peak (peak D) of the gel filtration

chromatogram was used. '
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nv20-ml plasma sample
12.5-fold dilution dialysis

"10-ml aliquot of 250 ml
plasma ultrafiltrate

5-fold concentration
lyophilize and reconstitute to 2 ml -

7.5-fold dilution gel filtration
10-ml aliquot of ~15 ml eluted peak
5-fold concentration| - ' ¢
lyophilize and reconstitute to 2 ml
15.5-fold dilution

place in 23 ml Krebs-Henseleit
buffer, adjust pH, adjust osmolarity
with 6 ml H20

Total: 58.8-fold dilution of original starting material

Figure 2. Procedure prior to the papillary muscle bioassay
(A stepwise dilution and concentration of the
sample, which was calculated by volume, is indi-
cated. The end result is a 58.8-fold dilution
of the original starting material.)
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Experimental Design

Two initial experiments'were designed to assay for
"MDF activity and. to confirm the presence of MDF in shock
plasma u51ng the papillary muscle system.,

In the first experiment, the papillary muscle was sub-
Jected to three different muscle baths in the following .
order: Krebs-Henseleit solution, processed plasma peak D
from a young dog, and procéssed shock plasma peak D. The
term "processed“ is used to refer to the steps outllned in
Figure 2. Thus, a bath con51st1ng of processed plasma is
composed of a 2-ml reconstituted-lyophilized plasma ultra-
filtrate sample of peak.b, 23-ml KrebsfHenseleit buffer, and .
6.ml, H'O.

In the second -experiment, the three muscle baths were: A
Krebs-Henselelt solutlon, processed shock plasma peak a, ,
and«processed shock plasma peak D. Peaks A and D, the first -
and fourth peaks, respectlvely, were chosen from the same ,
:elutlon profile.

Ten experiments were then de51gned to detect dlfferencesﬂ
between plasma from young and aged dogs with respect to the
'presenee of MDF. The three muscle bathslln seven of these
experiments were: Krebs—Henselelt solutlon, processed
plasma peak D from a young dog, and processed plasma peak -

D from an aged"dog. In the last three experiments,

3
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unprocessed whole plasma was usea instead of processed

plasma peak D; so that the three muscle baths were: Krebs-
Henseleit solution, whole plasma from a young dog, and whole '
plasma from an aged dog.

The design of all twelve experimeﬁts was similar. The
- first muscle bath was Krebs-Henseleit solution which served
as a physiological standard; the second muscle bath was
eifher processed plasma peak D, processed shock plasma
peak A, or whole plasma from a young dog and served as a
¢ontrol: the third muscle bath was either processed shock
plasma peak D, processed plasma peak D from an aged dog,
or whole plasma from an aged dog.

Six young dogs (less than one year of age) were randomly
chosen; four dogs were male and two were female. Six old
dogs, tliree male and three female, ranging from 13.5 years.
to 17'years of age, were selected. Youﬁé ahd old dogs were
randomly assigned to an individual muscle experiment as

indicated in Table 1.

Short medical history of two of the dogs

0l: mitral valve failure, renal failure, treated for
Cushing's syndrome (hyperadrenalcorticism)

03: conjunctivitis and vascularization of the cornea
which was caused by a bacterium, immunological
deficiency in the eye, longstanding Klebsiella
infection and epilepsy
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Table 1. Assignment of dogs to individual muscle.experiments.a'

shock experiments

Sex Breed Sex Breed
1. byl - ) &‘ Mc'mérel - . DS . 6" Mongrél
2. AS &' Mongrel - DE.‘{ - & Mongrél
A£=- experimehts |
1. pv1 § Mongrel - DOl ¢ Dachshund 15
2. D¥2 g Mongrél ‘= DO2 &' Beagle 13.5
3. DY3 & shephera - DO3 4§ Weimaraner 14.
© 4. DY3 8 shephera - Do4 d collie 16
5. DY4 ? Sshepherd -~ DOS ? Beagle 17
6: DY5. g .Mongrel ' - IDOu(lS o $ Dachshpnd 15
DY6 . '® ‘Mongrel -~ DO2 d Beagle 13.5
7. P.lasina. s & Mongrel - Pla's'rcia‘ 03 § ILWeimaraﬁer ‘14
8 Pla_srha_ Y4A g . Shepherd -  Plasma 02 & Beagle | 13.5
92.. Plastﬁé. Y5 g Mon_gfel - Plasma 05 _ $ Beagle .— 17
val:') = processed, plalsma Ipeak ,-' .
A = processed plasma peak A; .. ,
-8 = shock dog; - ' 5
Y = young dog; ;
0 = old dog.
bogs were assigned a number from 1 to 6. | "Plasma" precedes a "Y" or an .

"O" when. whole plasma was used instead of a processed plasma peak.
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Papillary Muscle Bioassay

The canine papillary muscle bicassay was used to assay
MDF activity.

Six-week o0ld mongrel dogs (1.5-4.5 kg body wéight)
were anesthetized with sodium pentobarbital (50 mg/kg
I.V.). The heart was rapidly excised and immersed in a
continuously éxygenated, modified Krebs-Henseleit solution.
The right ventricle'was'opened along the anterior septal
margin. Suitable papillary muscles were selected on the
basis of length, shape, and geometric donfiguratidn. The
first papillary muscle adjacent to the interventricular
septum was usually the thinnest muscle, and was used if it

satisfied the criteria éstablished for suitabkle muscles. .

Ctite:ia for judging validity of papillarf‘muscle perfprmancé
| The ratio of active tension to resting tension in

Krebs-Henseleit buffer should exceed 4.5:1. If the ratio

was less, but the papillary muscle had a P, which was

greater than 2 or if the Pd steadily'igcreased-with time,

the papillary muscle was acceptable.

Papillary muscles that were too short, stubby, with a
thick‘triangular cénfiguration, or with a cross-sectional
area gqreater than 2.1 mm2 were omitted. If the muscle had"

2

a cross-sectional area greater than 2.1 mm“, the Po had to

be large and/or steadily increase with time in order to be
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ihcluded in the study.

Most importantly, if there was the slightest indication
that a'papillary muscle was subjected to mechanical damage
either by the equipment, a pH or an osmolarity shift, the

muscle was not used.

Mogntihg:thg.papillary muscle
The preparation of a stainless steel wire with loop

for mounting papillary muscles is diagrammed in Figure 3.
A 15-cm stainlgss steel wire (32 gauge) was threaded through
‘a 3~-mm length of aluminum tubing (1.9875 mm I.D.) so that
only a very short piece of wire protruded from one end.
The long end of the wire was then rethreaded through the
same opening of the tuﬁing as in step 1. The wire was
pulled taut and then returned through the tubing (indicated
by step 3) to form a loop approximately 5 mm long. The '
other end of the wire was then brought around the side of
the tubing' as indicated in step 4, threaded through the-
tubing‘oncé more, and pulled taut to secure the loop.

r'fhis-preparedrwire with aluminum tubing and loop at
the distal end was then encircled around the chorda tendinea
of é selected paéillary muscle. The eﬁd of the wire was
then threaded once more through the aluminuﬁ tubing such
that the chorda tgndinéa was alsé pulled up through the

tubing. Care was taken not to pull the muscle up into the
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Figure 3. Preparation of stainless steel wire with loop for
mounting papillary muscles '
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tubing. The aluminum tubing was then compressed with a
hemostat to fix the chorda tendinea.

The papillary.muscle was then dissected free with a
small piece of the right ventricular wall adjacent to the
muscle base. A lucite clamp was firmly fitted onto this
Sméll piece of venfricular‘wall so that the nontendinous
end of the muscle was close to the clamp. The long end of
the wire was cut close so that the only wire visible was
the loop. This entire,pfocedu;e was rapidly perfprmed in
continuously oxygenated Krebs-Henseleit buffer solution with-
out exposing the muscle to air.

The papillary muscle was then mounted horizontally in
a 5-ml inner chamﬁer of a dﬁuble—chambered constant-
temperature bath (27C). The 105p of the staiqless'steel
. wire was hooked onto the distal end of an aluminum lever
mqunted on a Brush transducer; The transducer was cpn—'
nected to a 9853 A voltage/pressure input coupler in the
p;eséure/force mode on a R-61]1 dynograph recorder (Beckman).
An isblation tfansformér thch is part of the isotonic _
muscle transducer‘(Gdﬁ;d, Iné.) was coupled to the Brush

transducer.
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Description of the system

The Krebs-Henseleit solution was continuously gassed
with a 95¢ 0, and 5% CO, mixture. To provide adequate
oxygenation and a circulating system for approximately 25
ml of fluid, two additional chambers were made in a lucite
-plastic block. One tubelike chamber contained a mini-pH
probe which took up almost the entire volume of the chamber.
The pH was continuously monitored and was maintained within
the range of 7.40-7.56. The second tubelike chamber served
as a diffusion chamber. A i.65 m length of silatubing
(0.889 mm I.D., 0.51 mm wall thickness) (Silatube, Ronthor
Reiss Corp.) was wound symmetrically around an aluminum
framework in this 10-ml chamber.

The gas mixture released from the gas pressure
tank was difected through a moisturizer to an emergency.
oxygen roller pump if needed, and the diffusion chamber.

The silatubing in the diffusion chamber offered a relatively
large outersurface area for diffusion of gas through the
wall of the tubing into the circulating chamber fluid.

From the diffusion chamber, the gas mixture was
directed to the muscle chamber where silatubing was mounted
beside the muscle. Finally, the gas inside the lumen of the
silatubing was directed to a bubble chamber where it was
released into room air through a short piece of 22 gauge

stainless steel tubing.
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Circulation of the fluid was accomplished by negative-
and positive.pressure. The chamber fluid was Withdrawn
by vacuum from the muscle chamber via a éO gauge stainless
steel tube which was mounted on the end of the inner muscle

chamber just below the fluid surface. The fluid was

directed into the pH-monitoring chamber. A rate c¢ontrolled

roller pump (Cole Parmer) propellea the fluid by positive
pressure from the pH-monitoring chamber into the diffusion.
chamber. "The oxygenated fluid was then returned to the
muscle chamber via ancther 20 gauge stainless steel tube
which was mounted at the bottom of the inner muscle chamber
vdlrectly under the muscle.

The papillary muscle was not directly affected when
0.1 N HCl or 0.1 N NaOH was added to adjust pH, because the

additioh was made into the system through a three-way valve

into the tﬁbing and then mixed with the_continuously circu-

lating fluid.

During each experiment, the chamber fluid was changed,
tﬁice. This was accomplished by quickly draining the solu-
tion from the pH-monitoring chamber, the diffusion chamber,
the muscle chamber and all tubing in the system. The muscle
was keph'moist during the exchange.

A Grass SD9 stimulator was used to stimulate the

?apillary muscle constantly at a frequency of 12 stimula-.

tions per minute with a duration of 5 hsec, and 25-30 volts. .
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The stimulus pulse passed between one silver electrode placed
through the lucite clamp which held the muscle in place, and
one platinum electrode fixed into the sidewall of the muscle

chamber.

Measurements

The papillary muscle was allowed to equilibrate while
contracting isotonically. After 2 hours of equilibration
time, a preload curve was generated in order to determine
Lmax' The length-tension curve was run backwards beginning
with 3.6 g. The muscle was allowed to contract isotonically‘
with this weight for one minute, and then the weight was
removed to return the muscle to a zero preload condition
for one minute. This was rep?ated for preloads of decreasing”
weight. The amplitude (mm) of contraction was measured for
each preload. The muscle was prestretched with 3.6 g for
2 qontraétions prior to each sequential preload of de-
creasing weight. Care was taken not to overstretch the
muscle; smaller muscles were prestretched with a lighter
load. The data were immediately analyzed with a model 600
Wang computer which was programmed to calculate the‘Lmax.
The selected preload weight was +92.5% of the preload weight
that would produce a maximal contraction (Lmax)' Thus, the

resting tension was set at a level just. below that which

would yield a maximal contraction for the rest of the
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experiment.

After the muscle.equilibrated with this new constant
préload, three afterload curves were generated for each of-
the three muscle bgths with a 30—minute.equilibration time
after each bath solution was replaced. Afterloading_was
- controlled by a stop on the upper side of the arm of  the
lever which pxevented the afterload froﬁ acting as a pre-
‘1oad. A micro-drive stepping unit with a multistep and
.single step adjustment (David Kopf Instruments) was used
for raising and 1owering_the stop in units of microns.

Force-velocity curves were generated backwards by
sequentially adding lighter weights after the determinatio#-
of Py (the load that just prevented muscle contraction). -
Tangents to the contraction curves which were recorded at |
25 mm/sec paper speed on a Beckman R—611 dynograph were |
drawn to determine the veloc;ty of shortenlng at each after—‘
1oadt Duplicate determlnatlons were made to verify accuracy.

Thé velocity was calculated by fhe follbwing equation:

Velocity (ﬁ/sec) = tan & x calibrated diﬁference (u/cm) . .

' x 1.934 x 2.5 cm/sec 1. ‘

The afterload data were fit to either a 2nd, 3rd, or 4th

order polynomlal by the method of 1east sguares and the
Viax was_extrapolated by the model 600 Wang computer.

The latency between the beginning of stimulation and
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the beginning of muscle contraction was determined for each
afterload. The latency data were also fit to either a 2nd,
3rd, or 4th order polynomial by the computer and plotted
against load.

The muscle contraction, stimulus, and time were re-
-corded on a 4-channel R-61l1 dynograph recorder (Beckman).
The osmolarity was monitored every hour throughout the experi-
ment.

A Bausch and Lomb potentiometric recorder was used to
measure the length of the papillary muscle. A pinhole
light was directed on the muscle while it was mounted in
the muscle chamber. As the light which was attached to a
rack and pinion device was moved along the length of the
muscle, a connected Brush transducer and an isolation trans-
former converted the signal to a voltage which the potentio-
metric recorder was able to record.

The cross—-sectional area of the muscle was determined
from the muscle volume and the muscle length. The muscle
volume was estimated with a 10-ml picnometer. The weight of
the muscle in air was subtracted from the weight of the
muscle and distilled water in the picnometer. This difference
was then sﬁbtracﬁed fromlthe weight of the picnometer filled
with distilled water to give an estimate of the muscle
volume. The cross-sectional area was calculated as the

quotient of muscle volume (mm3) and muscle length {(mm).
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The resting tension was calculated as the quotient of
the preload producing Lmax(g) and the cross-sectional area
(mm?) .

The active tension of the muscle in each of the three
baths was calculated as the quotient of the B (g) and the
cross-sectional area (mmz). The active tension: resting
tension ratio was determined for each of the muscles in the
Krebs-Henseleit bath.

Equations used in the computerized mathematical derivation of
the preload and afterload curves

The preload data were fit to the following two equations

by the method of least squares.

ascending limb ¥ = a; +b; In x
bzx
descending limb ¢ = a2

2

"a" and "b" are estimators of the intercepts and the slopes
obtained by the method of least squares; £ is an irrational
number approximately equal to 2.71828. The data points

(load, amplitude of contraction) were entered into the Wang

X

computer up to and including the experimental yma to obtain

the least squares solution for the ascending limb. To obtain
the least squares solution for the descending limb, the

max

experimental y was first reentered into the computer

followed by the rest of the data points. If the experimental
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ymax appeared to be between two points, then both points

were used in both the ascending and descending curve calcu-
iation. The preload producing L_.x Was the intersection of
the two least squares solutions.

The afterload (force-velocity) and latency data were

each fit to both a polynomial equation and an exponential

equation by the method of least squares.

S 2 3 n
Y = b0 + blx + bzx -+ b3x + e bnx

There are m data points of the form (Xl,Yl), (X2,Y2), ces
(Xm,Ym); m > n+l. The b's are estimators (obtained by the

method of least squares) of the measurements of the model. -

4 ='a£bx

"a" and "b" are estimators of the intercept and the slope
obtained by the method of least squares; & = 2.71828. The
resultant equations were solved for ¥ values at chosen x

points.
Statistical Analysis

The first six processed plasma peak D age experiments
and the three whole plasma age experiments (Table 1) were
subjected to a 3-way analysis of variance where the third
factor is nested within the first treatment. The two shock

experiments were analyzed separately using a t-test. Five
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parameters were studied: the slope ofithe latency curve;
Po,-Vm ’ vhax per‘unit ofncross—sectienal area, and active
te.nsn;h .

The papillary muscle is the primary:expérimental unit
and‘is assigned to a main treatment (method 1 or 2). Six
-~ muscles were subjected to plasma that was prepared accordlng
"to method 1. Three muscles were subjected to plasma that |
was preéareq according to method 2. Each muscle is a_block
forlthe subtreatment, age. Each muscle nested within a
‘ ma;n;treatment received three age treatments. Since each . .
muscle served as its own control, muscle to miscle differ-
ences were remeVeé. Two randemizations‘were made: the
assignment of muscles to a main treatment, ang the assiéaf
meht of the subtreatment (K-ﬁ, plasma from'foung:and old’

“dogs) to the muscle.

| Statlstlcal objectives

l. To Getermine if there are main treatment (method)
effects. - e ' '

2. To determine if there are subtreatment (age) effects{‘

3. ‘To.determine if -the age‘effect,‘if present, is thej §
same. for methods 1 and 2 (age by method interaction).

4 To study a comparison of the means: ; ~
: To ‘determine if age treatment #2 (young) is dlf-
ferent from age treatment #3 (old).

To determlne if age treatment #1 (K-H) is dif-"
ferent from the mean of age treatments #2 and
#3 (young and old).
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Age

Muscle K-H b4 o

1 ¥T - Dyl DO1

Method 2 #2 DY2 D02

R 43 DY3 DO3

4 $4 DY3 DO4

5 #5 DY4 DO5

6 #6 DY5 DO6
Method 1 #7 Plasma Y5 Plasma 03
2 2 #8  Plasma Y4 Plasma 02
3 #9 Plasma Y5 Plasma 05

Method 1 = processed plasma peak D

Method 2 = unprocessed whole plasma
Age = three muscle baths: Krebs-Henseleit (K-H) buffer,
plasma from young dog, plasma from old dog

Sourcel _ _ d.f.
Methods | m-1 1
Muscles (Methods) ﬂlgp:i; g:>error (a)
2 u
Age a-1 2
Methods x Age - (m-1) (a-1) 2
Muscles (Methods) x Age m, (u-1) (a=1) 10~ ..
‘mg(u—l)(a—l) 4:>error (b)
TOTAL 26
1 _
m = Methods,
u = Muscles,
a = Age.

Figure 4. Diagram of statistical design
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If an age effect is present, a comparison of the
means will determine where the difference lies.

To analyze individual muscle experiments with the
pooled vatriance from the analysis of variance for
differences between young and old (shock).
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RESULTS

Column élution_patterns<xfplasma from all dogs (shock,
young, old) are first presented, followed by a composite
elution pattern of molecuiar weight markers used to calibrate
the columns. Using peak D from the chromatogram of each
dog, and whole plasma from five of these dogs, force-velocity’
and loadQlatencf curves were generated for papillary'muscle‘

Various composites of the force-velocity curves for
Krebs—~Henseleit buffer; processed plasma peak D from young
dogs, processed plasma peak D from old dogs, whole plasma
from young dogs and whole plasma from old dogs, where
papillary muscles were normdlized with respect to force and
velocity per unit of cross-sectional aréa, are presented.

Tables with ninhydrin tests, estimated molecular weights
for the six peaks of Bio-Gele-Z chromatograms, characteristiCs
- of -the individua; papillary muscles, and numerical responses
elipited by each of the test peaks or plasmas are included!
within the section. A conc¢luding, detailed statiétical

-analysis is also presented.



Figure 5. Bio-Gel P-2 column elution pattern of processed
shock plasma ultrafiltrate obtained from a young
male mongrel dog with experimental pancreatic
vessel ischemia

The peaks are designated A through F in order of
decreasing molecular weight. Peak D was bio-
assayed and contained significant MDF activity.
The column flow rate was 10.4 ml/hr (5.2-ml
fractions). Fractions 1 through 10 had optical
density readings less than 0.02.

Peaks Elution volume Location of peak height

(ml) (ml)
A 62.0~-82.8 67.2
B 88.0-98.4 9342
C 103.6-119.2 108.8
D 124.4-140.0 129.6
E 171.2-192.0 176.4
F 192.0-212.8 197.2
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Figure 6.

Bio-Gel P-2 column elution pattern of processed
shock plasma ultrafiltrate obtained from a young
male mongrel dog with experimental pancreatic
vessel ischemia

The peaks are designated A through F in order of
decreasing molecular weight. Peaks A and D were
bioassayed to differentiate between the two
large peaks and to confirm the presence of MDF
in peak D. The column flow rate was 7.6 ml/hr
(3.8-m1 fractions). Fractions 1 through 14 had
optical density readings less than 0.018.

Peaks Elution volume Location of peak height

(ml) (ml)
A 64.4-83.4 68.2
B 87.2-102.4 91.0
C 106.2-125.2 113.3
D 129.0-144.2 136.6
E 163.2-208.8 163.2
F 216.4-243.0 227.8
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Figure 7. Bio-Gel P-2 column elution pattern of processed
plasma ultrafiltrate obtained from a young male
mongrel dog (Y1)

The peaks are designated A through F in order of
decreasing molecular weight. The column flow
rate was 10.4 ml/hr (5.2-ml fractions). Frac-
tions 1 through 10 had optical density readings
less than zero.

Peaks Elution volume Location of peak height

(ml) (ml)
A 64.4-95.6 74.8
B 116.4-126.8 121.6
C 126.8-147.6 137.2
D 147.6-168.4 152.8
E 178.8-210.0 194.4
F 225.6-236.0 230.8
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Figure 8. Bio-Gel P-2 column elution pattern of processed
plasma ultrafiltrate obtained from a young male
mongrel dog (Y¥Y2)

The peaks are designated A through F in order of
decreasing molecular weight. The column flow
rate was 10.8 ml/hr (5.4-ml fractions). Fractions
1 through 10 had optical density readings of

0.04.
Peaks Elution volume Location of peak height
(ml) _(ml)
A 63.3-90.3 68.7
B 106.5-122,7 L17 .3
C 122,7-138.9 133.5
D 138.9-155.1 144.3
E 165.9-198.3 165.9
F 214.5-263.1 246.9
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Figure 9. Bio-Gel P-2 column elution pattern of processed
plasma ultrafiltrate obtained from a young male
shepherd (Y3)

The peaks are designated A through F in order of
decreasing molecular weight. The column flow
rate was 10.8 ml/hr (5.4-ml fractions).
Fractions 1 through 10 had optical density
readings less than zero.

Peaks Elution volume Location of peak height

(ml) (ml)
A 62.0-83.6 67.4
B 94.4-116.0 105.2
C 121.4-132.2 126.8
D 137.6-148.4 143.0
E 153.8-186.2 159.2
F 202.4-240.2 213.2
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Figure 10. Bio-Gel P-2 column elution pattern of processed
plasma ultrafiltrate obtained from a young male
shepherd (Y3)

The peaks are designated A through F in order

of decreasing molecular weight. The column flow
rate was 10.8 ml/hr (5.4-ml fractions). Fractions
1 through 10 had optical density readings less
than or equal to 0.01l.

Peaks Elution volume Location of peak height

(ml) (ml)
A 60.9-82.5 66.3
B 98.7-114.9 109.5
C 114.9-131.1 120.3
D 131.1-141.9 136.5
E 152.7-185.1 158..1
F 195.9-228.3 222.9
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Figure 11. Bio-Gel P-2 column elution pattern of processed
plasma ultrafiltrate obtained from a young
female shepherd (Y4)

The peaks are designated A through F in order

of decreasing molecular weight. The column flow
rate was 11.2 ml/hr (5.6-ml fractions). Fractions
1 through 10 had optical density readings of

0.039.
Peaks Elution volume Location of peak height
(ml) (ml)
A 59.6-93.2 70.8
B 104.4-121.2 121.2
G 126.8-138.0 132.4
D 138.0-154.8 149.2
E 160.4-194.0 188.4
F 205.2-255.6 222.0
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Figure 12. Bio-Gel P-2 column elution pattern of processed
plasma ultrafiltrate obtained from a young male
mongrel dog (Y¥5)

The peaks are designated A through F in order

of decreasing molecular weight. The column flow
rate was 9.2 ml/hr (4.6-ml fractions). Fractions
1 through 14 had optical density readings of

0.039.,
Peaks Elution volume Location of peak height
(ml) (ml)
A 67.9-95.5 T3
B 100.1-118.5 100.1
c 123.1-141.5 136.9
D 141.5-155.3 150.7
E 159.9-173.7 164.5
F 178.3-238.1 178.3
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Figure 13. Bio-Gel P-2 column elution pattern of processed
plasma ultrafiltrate obtained from a young fe-
male mongrel dog (Y6)

The peaks are designated A through F in order
of decreasing molecular weight. The column
flow rate was 10.8 ml/hr (5.4-ml fractions).
Fractions 1 through 8 had optical density
readings of 0.005.

Peaks Elution volume Location of peak height

(ml) (ml)
A 55.4-82.4 66.2
B 104.0-114.8 109.4
114.8-131.0 125.6
D 131.0-141.8 136.4
E 147.2-168.8 158.0
F 168.8-201.2 174.0
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Figure 14. Bio-Gel P-2 column elution pattern of processed
plasma ultrafiltrate obtained from an aged
female dachshund (15 years) (0O1)

The peaks are designated A through F in order
of decreasing molecular weight. The column
flow rate was 11.2 ml/hr (5.6-ml fractions).
Fractions 1 through 10 had optical density
readings of zero.

Peaks Elution volume Location of peak height
— (m1) (ml)

A 65.2-87.6 70.8

B 104.4-121.2 110.0

& 126.8-143.6 138.0

D 143.6-160.4 149.2

E 166.0-194.0 177.2

F 216.4-255.6 250.,0
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Figure 15. Bio-Gel P-2 column elution pattern of processed
plasma ultrafiltrate obtained from an aged
male beagle (13.5 years) (02)

The peaks are designated A through F in order of
decreasing molecular weight. The column flow
rate was 11.2 ml/hr (5.6-ml fractions). Frac-
tions 1 through 9 had optical density readings
less than or equal to 0.02.

Peaks Elution volume Location of peak height

(ml) (ml)
A 64.7-87.1 70.3
B 98.3-120.7 109.5
G 126.3=137.5 131.9
D 143.1-154.3 148.7
E 165.5-199.1 i 5 0P |
F 210.3-249.5 2215
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Figure 16. Bio-Gel P-2 column elution pattern of processed
plasma ultrafiltrate obtained from an aged male
Weimaraner (14 years) (03)

The peaks are designated A through F in order of
decreasing molecular weight. The column flow
rate was 11 ml /hr (5.5-ml fractions). Fractions
1 through 10 had optical density readings less
than or equal to 0.02.

Peaks Elution volume Location of peak height

(ml) (ml)
A 64.4-86.4 69.9
B 91.9-113.9 91.9
C 119.4-135.9 130.4
D 135.9-152.4 141.4
E 157.9-185.4 163.4
F 196.4-267.9 245.9
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Figure 17. Bio-Gel P-2 column elution pattern of processed
plasma ultrafiltrate obtained from an aged male
collie (16 years) (04)

The peaks are designated A through F in order of
decreasing molecular weight. The column flow
rate was 9.2 ml/hr (4.6-ml fractions). Fractions
1 through 13 had optical density readings of zero.

Peaks Elution volume Location of peak height

(ml) (ml)
A 73.1-96.1 Tihnd
B 100.7-114.5 100.7
c 119.1-142.1 132.9
D 142.1-160.5 £55.9
E 160.5-174.3 J65.1
F 188.1-215.7 192.7
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Figure 18. Bio-Gel P-2 column elution pattern of processed plasma ultrafiltrate
obtained from an aged female beagle (17 years) (05)

The peaks are designated A through F in order of decreasing molecular
weight. The column flow rate was 11.4 ml/hr (5.7-ml fractions).
Fractions 1 through 10 had optical density readings less than or equal

to 0:03,
Peaks Elution volume Location of peak height
(ml) (ml)
A 60.2-83.0 65.9
B 105,.8-122.9 117 .2
C 128.6-140.0 134.3
D 140.0-157.1 145.7
E 162.8<197.0 168.5
F 208.4-265.4 219.8
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Figure 19.

Bio-Gel P-2 column elution pattern of processed
plasma ultrafiltrate obtained from an aged
female dachshund (15 years) (06)

The peaks are designated A through F in order
of decreasing molecular weight. The column
flow rate was 11.2 ml/hr (5.6-ml fractions).
Fractions 1 through 10 had optical density
readings less than or equal to 0.039.

Peaks Elution volume Location of peak height

_ (ml) (ml1)
A 65.0-93.0 70.6
B 98.6-115.4 104.2
c 121.0-137.8 132.2
D 137.8-154.6 149.0
E 160.2-199.4 171.4
F 216.2-255.4 221.8



132

0ld dog #6 (06)

Dachshund (F)
15 years

[-X} 3

....:.. I |' - !... :. E :.;‘.... raw -:. - ...-.:! h ;:‘:
P !
)

]
el o
..._i.: .i.::. e I ' [Nl
L]
|
|

.:.’ T ...;..| ' ...E.I. ! ' l ;o P ; “ i . T
l.i e l BEES SR ' [ l I i I A A , \ | v ll i
T ||| Hunn T Iz i 40 WV 20 LAY LT A0 % " Ml xx11 J[tnqn U N oy %N

|
[
n

g
[

f
e 1 9 &b ' n ' mt J | 2y
& 1Y sy sy A M Hst 115 BT st

Fraction Nombar - Corrufnonla'ns Elution Volume (ml)



Optical density (280 nm)

- Figure 20.
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Figure 21. Composite Bio-Gel P-2 column elution pattern of molecular weight markers

_____ Angiotensin II (1225 daltons) 11.2 ml/hr flow rate
99.8-122.2 ml location of peak height 111 ml

.......... Angiotensin II (1225 daltons) 9.2 ml/hr flow rate
108.2-135.8 ml location of peak height 122 ml

Angiotensin II (1225 daltons) 9.2 ml/hr flow rate
110.2-137.8 ml location of peak height 124 ml

Angiotensin II (1106.3 daltons) 10.6 ml/hr flow rate
100.9-127.4 ml location of peak height 111.5 ml

Angiotensin III Inhibitor (896 daltons) 11.2 ml/hr flow rate
92.0-117.8 ml location of peak height 101 ml

N MDF-peak D shock (?) 10.4 ml/hr flow rate
122-140 ml location of peak height 129.6 ml

MDF-peak D shock (?) 7.6 ml/hr flow rate
129.0-144.2 ml location of peak height 136.6 ml

. Hexaglycine (360.3 daltons) 10.8 ml/hr flow rate (50 mg)
155.4-214.8 ml location of peak height 177 ml

S N . . Hexaglycine (360.3 daltons) 9.2 ml/hr flow rate (30 mg)
168.9-187.3 ml location of peak height 173.5 ml

The average elution volumes of peak D from young dogs and old
dogs were 138.0-152.2 ml and 140.4-156.6 ml, respectively.
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Table 2.. Ninhydrin test and average elution volumes of the
six peaks of Bio-Gel P-2 chromatograms with an
estimate of molecular weight

Ninhydrin Average Elution ﬁg%;gii:g
Test Volume {ml) Weight
Peak A - young (n=7) + 061.93-089.01 >1225
old (n=6) + 065.43-088.87
Peak B - young (n=7) + 103.50-119.27 1100
old (n=6) + 099,95-118.10
Peak C - young (n=7) + 121.50-137.19 700~850
old (n=6) + 123.53~139.48
Peak D - shock (n=2) + 126.70-142.10 700-850
young (n=7) + 137.96-152.24 _
old  (n=6) + 140.42-156.55 600-700
Peak E - young (n=7) + 159.81~188.01 v360
old {n=6) + 162.15-191.53 i
Peak F - young (n=7) + 198.67-237.50 <350
old (n=6) + 205.97-251.58

qNote that the column separation of plasma from young
and old dogs is virtually identical, and that the elution
_volume for MDF (found in peak D of shock plasma) is similar
to the elution volume for peak C of plasma from young and
old dogs. ' -
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Freload Ccurve

03 40 i .5 2.6 25 7.0 nE o

Length (amplitude) is plotted agalnstten51on(load)
Note that the experimental Lpsx is at a preload

of 0.8 g. The L max computed from the ascending

"and descend:.ng limbs of the preload curve was
at a preload of 0.761 9.

Figure 22, Typical preload curve
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Table 3. Cross-sectional area, muscle length, L... preload,
resting tension, and active tension to resting
tension ratié wvalues for papillary muscles$ in
the shock and age experimentsa

Shock experiments

Cross=-sectional Muscle Loax Resting Active tension:
area length reload tension resting tension
(mm?) (om) P (@) (g/mm2) ratio

1. 1.263 2,93 0.620 0.491 7.90

2. 0.571 4.73 0.675 1.181 2.15

Age experiments

1. 3.289 2.25 0.761 0.231 2.15
2. 5.206 1.94 1.076 0.207 1.15
3. 3.077 3.64 1.383 0.449 2.90
4. 0.437 4.35 1.006 2.302 4.79
5. 0.347 4.61 0.582 1.677 - 7.11
6. 0.969 3.20 0.773 0.798 6.74
7. 2.063 2.71 0.485 0.235 4.78
8. 1.048 2.10 0.818 0.781 3.26
9. 0.955 3.77 1.001 1.048 7.39
X (n=11):

1.748 3.29 0.835 0.855 4,57

%Note that the papillary muscle subjected to DY6 and
D02 treatments (Table 1) was omitted.
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Table 4. Latency (slope), P P Vﬁax Vﬁax per unit of cross-

sectional area, and active tension values for-all
‘muscle experiments? :

Latency P v - Vha /cross— ' Active
slope o max - tension
(msec/q) (q) (mm/se@.sectlonal_area (g/ﬁﬁ%) ‘
A (mm- sec) .
Shock ' ' o

1. KH 062.398 4,902 6.647 03.881
D¥1 045. 905 5.274 6.369 04.176
DS 094.039 3.247 4.59%0 02.571

2. KH 228.192 1.448 2.792 02.534
AS " 157.963 1.510 2.818 02.643
DS © 218.570 1.055 2.861 01.846

Age .

1. KH #1 214.600 1.634 5.057 01.554 00.497
DYl 126.200 1.903 5.852 - 01.781 00.579
DO1 088.510 1.903 7.156 02.177 00.579

2. KH #$2 403.460 1.241 2.060 00.396 . 100.238
DY2 306.115 . 1.282 2.344 00.451 00.246
DO2 327.090 1.324 3.036 00.581 00 254

3. KH #3 337.445 4.012 2.583 ' 00.839 | 0l: 304»,
DY3 347.255 4.095 2.824 - 00.917 01:331. -
DO3 294.915 4.137 2.572 00.835 01 344

4. KH #4 095.071 4.819 6.028 13.823 11.027
DY3 091.521 4.984 . 5,399 12.393 . 11.405
DO4 . - 104.109 4.716 5.602 12.326 10.792

5. KH #5 051.084 4.137 8.467 24,401 11.922
'DY4 . 045.984 4.054° 7.123° 20.538 "11.683

po5 068.563 3.557 6.415 18.353 10.251_

%Phe linear. portlon of- the load=-latency curve (2nd, 3rd,
or 4th order polynomial) was fit by linear regréssion to a
straight line from which the slope was calculated. Pgo values
are experimental. = Vpgy/cross—-sectional area values were.
extrapolated from force-velocity ¢urves where velocity per
unit of cross-sectional area was plotted against P/P,. - .
Explanatlon of symbols (DYl, DOl, AS, DS, Plasma Y5, etc ) 1s
found in Table 1. ‘
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TN p,  Vmax Vmax/o0%e.  RCL
(msecg Y (q) (rm/sec): sectional area 2
El g (mm-sec)~1  (g/mm®)
Age '
29 4. RH #6 048.591 5.212 6.482 06.687 05.379
DY5 060.461 4.633 5.959 06.147 04.781
DO6 094.554 3.909 6.248 06.445 04.034
KH 251.116 1.324 2.966 00.197
DY6 420.799 0.724 2.114 00.108.
DO2 364.943 0.786 2.106 00.117
7. KH #7 121.166 2.316 3.221 01.559 01.123
Plasma Y5 154,814 1.923 2,763 01.343 00.932
Plasma O3 259.384 1.324 1.166 00.565 00.642
§. KE #8  136.175 2.668 1.924  01.836 02.546
Plasma Y4 153.740 2.627 1.752 01.672 02.507
Plasma 02 130.970 2.523 1.725 01.646 02.407
9. KH #9 047.759 7.394 6.853 07.171 07.742
Plasma Y5 155.670 5.440 6.144  06.433 05.696
Plasma O5 130.425 5.584 5.900 06.181 05.847
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Load vs Velocity

71
— KH : Krabs - Hensalolt aolution
8 \ —=—-DY1: Peak D Young dog #1
\\ ™ DS:Peak D Shock dog

Velocity (mm/l;c)

% 05 10 18 20 25 080 346 40 45 60 65
Effective load (@ .

e ' KH: Krebs-Henseleit solution
- ——~ DYI1: Peak D, Young dog #l, mongrel (M)
PR DS: Peak D, Shock dog, mongrel (M)

Fourth power equation curve.
Significant MDF activity was present in peak D of
shock plasma indicated by the depressed P and
Vmax values. Po' vmax and active tension were
significantly different (o = 0.0025, 0.05, 0.025,
respectively) for paplllary muscle subjected to:
peak D of shock plasma and peak D of plasma from

a young dog.

Figure 23, Force-velocity curve
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Load vs Velocity

—— KH : Krebs - Henseleit
solution |
T ASTPeak Al g ock do
......... DS : Peak D} g
..-.
' ¥ T T o |
o = 05 1.0 1.5 2.0

Effective load (9)

i KH: Krebs-Henseleit solution
~w_ AS: Peak A
... DS: Peak D:}Shock dog, mongrel (M)

Second power equation curve.

MDF activity was present in peak D of shock
plasma indicated by the depressed P, value.
Peak A of shock plasma caused the initial
increase in P, beyond the K-H P, value.

Figure 24. Force-velocity curve



Figure 25.

Force-velocity curve

— KH: Krebs-Henseleit solution

——- DY1: Peak D, Young dog #1, mongrel (M)

........... DOl: Peak D, 01d dog #1, dachshund (F),
15 years

Third power equation curve.

Note that the P, value of the muscle was the same
for peak D of p?asma from both the young and old
dog. The Vﬁax value of the muscle when sub-

jected to peak D of plasma from the old dog was
greater than the value when the muscle was
subjected to peak D of plasma from the young dog
or K-H. The difference between peak D of plasma
from the young dog and peak D of plasma from the
old dog was not significant.
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Load_ vs Velocity

81

“— KH : 'K'rebs - Henseleit solution
-~-DY1 : Peak D Young dog #1
--------- DO1 : Peak D Old dog #1

L} T L]

04 08 12 16 20

Effective load (g)
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Load vs Velocity

4 —_— K':H : Krebs-- Henseleit solution’
" -——= DY 2 : Peak D Young dog #2
g, DO2 : Peak D Old dog #2 .

0 n Y T L) L v —
0O 04 08 12 16
Effective load (g)

Krebs—Henseleit solution

——- DY2: Peak ‘D, Young dog #2, mongrel (M)
FR— DO2: Peak D, 014 dog #2, beagle (M), 13.5 years

Figure 26.

Second power . equatlon curve.

Note that there was.an lmprovement in muscle per-"

formance with peak D from the old dog. The dif-
ference between peak.D of plasma .from the young.
dog and peak D of plasma from the old dog was
not signlflcant

Force-velocity curve



Load vs Velocity

Velocity (mm/sec)

— KH : Krebs = Henseleit solution
-=—DY3 : Peak D Young dog #3
“—= DO3 : Peak D Old dog #3

Figure 27.

0 - L '- L Ll ; ¥ LJ L) L) L} L} L) L) T L} L T L L] L LI =
0 04 08 12 16 20 24 28 32 36 40 44 48 52 58

Effective load (g)

KH: Krebs-Henseleit solution
DY3: Peak D, Young dog #3, shepherd (M)
DO3: Peak D, 0ld dog #3, Weimaraner (M), 14 years

Second power equation curve.
Note that all three curves are very similar. The Py value of the
muscle subjected to peak D of plasma from the old dog was greatest, and

the Vm‘_:1 value of the muscle subjected to peak D of plasma from the old

dog was identical to the vmax value of the muscle subjected to K-~H. The

difference between peak D of plasma from the young dog and peak D of
plasma from the old dog was not significant. ‘

Force-velocity curve

9vT
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Load vs Velocity

Velocity {mm/sec)

— KH : Krebs - Henseleit solution
-=+DY3 : Poak D Young dog #3
""""" DO4 :Peak D Qld dog#4

"04 08 12 16 20 24 28 32 38 40 44 48 52

Effective load (g)

KH: ZXrebs-Henseleit solution

——. DY3: Peak D, Young dog #3, shepherd (M)
weieme.. DO4: Peak D, 014 dog #4, collie (M), 16 years

Figure 28.

Fourth power equation curve. )

Note that the P, value of the muscle subjected to
peak D of plasma from the old dog was close to
the value for K-H, and that the Vﬁax value of the

muscle subjected to peak D of plasma from the old
dog was actually higher than the value when the
muscle was subjected to peak D of plasma from the
young dog. The difference between peak D of
plasma from the yourng dog and peak D of plasma
from the old dog was not significant.

Force-velocity curve
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Load vs Velocity

—— KH : Krebs - Hensaleit solution
—=+DY4 :Psak D Young dog #4
~eu- DOB : Poak D Ol dog #5

Velocity {mmsaec)”

_ Eftactive Ioad,(c! .

KH: Krebs-Hefseleit solution
——.. DY4: Peak D, Young dog #4, shepherd (F)
D05. Peak ‘D, 0ld dog #5, beagle (F), 17 years

- Fourth powei:' equation' curve. Although there was

a decrease in P and me'c values of the muscle

when subjected to peak D of plasma from the old
. dog, ‘the "difference between peak D of plasma
from' the .young dog and peak D of plasma from the
old dog was not - s:l.gn:LfJ.cant.

Figure 29. Force-velocity curve
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Load vs Velocity

71
' ——= KH : Krebs - Henseleit solution
\ -—=DY5: Peak D Young dog #5
O - DOG : Peak D OId dog #6
i\ .
5.
=
@
< 4]
£
E
Foy
.G' 3-
)
4]
>
2.
14
0 L) L) L 1 T L] L T L) L L] L LJ L L L) L] L L Li L] L] ¥ L] T T L] L
0- 04 08 12 16 _ 20 24 28 32 38 40 44 48 652 56
- Etfective load (g)
KH: Krebs-Henseleit solution
— - D¥5: Peak D, Young dog #5, mongrel (M)
weemmee-eee DOG: Peak D, 01d dog #6, dachshund (F), 15 years
Third power equétion curve.
Although there was a decrease in the P, value,
the difference between peak D of plasma from the
young dog and peak D of plasma from the old dog
was not significant. ©Note that the velocity of
the muscle subjected to peak D of plasma from
the o0ld dog approaches and exceeds the velocity
of the muscle when subjected to peak D of plasma
from the young dog.
Figure 30. Force—velocity curve
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Load vs Velocity
3 —— KH: Krebs - Henselelt solutlon
——-DY6: Peak D Young dog #6 _’

e DO2 © Peak D Old dog #2

Velocity (mm /se'c':)-
P

0 04 08 12 16
Effective load (g).

KH: - Krebs-Henseleit solution
_____-DY6 Peak D, Young dog #6, mongrel (F)
verswiein DO2 3 - Peak D, 0Old dog #2, beagle (M), :13.5 years

L:Lnear equat :Lon curve.
Note, that the curves for peak D of plasma from

- the young dog and peak D of plasma from the old
‘dog are virtually identical. The P, value was
only, slightly larger when the muscle was sub-
Jected"to peak D of plasma from the old dog.
Becausé of the unexpected large depression in
muscle performancé after the buffer was replaced

. with peak D from young dog #6, this muscle was
omltted .and D02 was. repeated (Figure 26).

Figure 31. LForce-veloc1ty curve
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Load vs Velloci‘ty

4‘1 — KH : Krebs - Henseleit solution
——-Plasma Y5 : Plasma Young dog #5
s Plasma O3 : Plasma Old dog #3

0 04 08 12 16 20 2.4
Effective load (g)

_KH: Krebs-Henseleit solution

—_._.Plasma Y5: Plasma, Young dog #5, mongrel (M)

Figure 32.

Plasma 03: Plasma, 0ld dog #3, Weimaraner (M),

14 years

Fourth power equation curve: KH, Plasma Y5.
Linear equation curve: Plasma 03.

Although there was a depression in Po and Vméx

values of the muscle when subjected to whole
plasma from the old dog, the difference in Pg
between whole plasma from the young dog and whole
plasma from the old dog was not significant and
only approached significance for vﬁax' Note that

the response elicited by peak DO3 was very
different (Figure 27).

Force-velocity curve



Figure 33.

Force-veloc1ty curve

—_ KH: Krebs-Henselelt solution
. Plasma Y4: Plasma, Young dog #4, shepherd (F)
w-e--.. -Plasma 02: Plasma, 014 dog #2, beagle (M), 13.5 years

Second - power equation curve. ,

Note that the three curves are very similar. There was no sig-
nificant difference between whole plasma from the young dog and
whole plasma from the old dog. Note that there was a slight

improvement in muscle performance ‘when peak D02 was used (Figures

26, 31)- lnstead of whole plasma.
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Figure 34. Force-velocity curve

KH: Krebs-Henseleit solution
——— Plasma Y5: Plasma, Young dog #5, mongrel (M)
eeeee-.... Plasma 05: Plasma, 0ld dog #5, beagle (F), 17 years

Third power equation curve.

Note that the P, value of the muscle when subjected to whole plasma
from the o0ld dog was slightly greater than the value when whole plasma
from the young dog was used. The difference between whole plasma from
the young dog and whole plasma from the old dog was not significant.
The curves for peak D from a young dog and peak DO5 (Figure 29) are
similar to the curves for whole plasma except that there was a decrease
in P, when peak D from the old dog was used.



Veloclty (mm/sec)

Load Vl‘imocily

7

(.E\Y

5+

—— KH : Krabso - Henselelt solution
-—=— Plasma Y5 : Plasma Young dog ¢5
- Plasma O35 : Plasma Old dog #5

Eftective load (g)

"16 .20 24 28 32 38 40 44 48 852 56 60 64 685 72 718

v

QqT



Figure 35. Composite of Krebs-Henseleit force-velocity curves where velocity
is plotted against P/P0

s—ea-= KH #3 - »— p—p> KH #8

— -4 »— KH #5

The number following KH indicates the buffer that preceded a certain
peak DY (peak D of plasma from a young dog) or plasma Y (whole plasma

from a young dog) bath and thus refers to a certain muscle experiment
(Table 4).
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Figure 36. Composite of processed plasma peak D-young force-velocity curves where
velocity is plotted against P/Po

DYl #1: Peak D, Young dog #1
DY2 #2: Peak D, Young dog #2
DY3 #3: Peak D, Young dog #3
— -o - DY3 #4: Peak D, Young dog #3
—4 —& - DY4 #5: Peak Young dog #4
e -@ « DY5 #6: Peak D, Young dog #5

i

-

Oo0Oooo

DY3 #3 and DY3 #4 were preceded by KH #3 and KH #4, respectively
(Table 4).



159

3

1

»
e

ty

|

Pl Po AVS Ve‘oc

# 1

DY |

A DYZ #2

# 3

—s—m—a DY3

& —b 4 DYH &5

B =3 DY5 #6b

43

HH

!

-8

1

1
1

%5pIR,




Figure 37. Composite of processed plasma peak D-old force-velocity curves
where velocity is plotted against P/P0

DOl #1: Peak D, 014 dog #1

2 #2 k 1d 4 #2
g DO : Peak D, O og

P DO3 #3: Peak D, 0ld dog #3
ster B daom DO4 #4: Peak D, 0ld dog #4
it b vl DO5 #5: Peak D, 0l1ld dog #5
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PIP, vs Velocily

& —0—- 6 Plosma Y5
Plasma Y4

Ptasma Y5

-

F oy pOO

Ve_!ocifa (mm]s éc)

. @ Plasma Y5 #7: Whole plasma, Young dog #5
B> —>~ . Plasma Y4 #8: Whole plasma, Young dog #4
—y— Plasma Y5 #9: Whole plasma, Young dog #5

Plasma Y5 #7 and Plasma Y5 #9 were preceded by
KH #7 and KH %9, respectively (Table 4).

Figure 38. Composite of whole plasma-young force-velocity
curves where velocity is plotted against P/PO




Figure 39. Composite of whole plasma-old force-velocity curves where velocity

is plotted against P/P0

Py 8 - Plasma 03 #7: Whole plasma, 0l1d dog #3
B ——- -8 Plasma 02 #8: Whole plasma, 0ld dog #2
g g o= Plasma O5 #9: Whole plasma, 0ld dog #5
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Figure 40.

Composite Krebs-Henseleit, peak D-young and peak D-old force-velocity
curves from age muscle experiments where mean velocity is plotted
against P/Po

—+— oo KH n=9: Krebs-Henseleit solution
-4 -+ -+ DY n=6: Peak D of plasma from young dogs
4 @ —a DO n=6: Peak D of plasma from old dogs

The velocities for the Krebs-Henseleit curve are the means of the
velocities for the nine K-H curves (Figure 35) from the nine age
muscle experiments. The velocities for the peak D-young and -old
curves are the means of the velocities for the six DY and DO
curves (Figures 36, 37) from the corresponding six age wmuscle
experiments. The three points along the x-axis (zero velocity)
are means of similar points from the composites of K-H, DY, and
DO. Note that the curves for DY and DO are very similar, and
that the Voanis value for DO is greater than that for DY or K-H.
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of the velocities for the nine K-H curves ‘
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and plasma—old.qre;the means of the_velocitieg
for  the three plasma-ypung and plasma—old curves
(Figures 38, 39). mThe three points-alonq the -
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Compbsite Krebs;Henseleit, plasma—young and

plasma-old force-velocity curves from age muscle
experiments where mean velocity is plotted :

against P/Pg

Figure 41.



Figure 42.

Composite Krebs-Henseleit, peak D-young and peak D-old force-velocity
curves from age muscle experiments where the mean of velocity per
unit of cross-sectional area is plotted against P/Po

sy KH n=9: Krebs-Henseleit solution
ke ke =i DY n=6: Peak D of plasma from young dogs
§ - P DO n=6: Peak D of plasma from old dogs

Note the similarity in the curves for DY and DO.
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—_-—— KH n=9: Krebs-Henseleit solution
- = —h Plasma Young n=3: Whole plasma from young dogs
4 —8 - g— Plasma 0ld n=3: Whole plasma from old dogs

Note the similarity in the curves for whole
plasma from young dogs and whole plasma from old
dogs.

Figure 43..Composite Krebs-Henseleit, plasma-young and
plasma-old force-velocity curves from age muscle
experiments where the mean of velocity per unit
of cross-sectional area is plotted against P/PO
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Figure 45. Load-latency curve

- ; KH: Krebs-Henseleit solution

AS: Peak A
- -8 B
4 —4 —s— Ds: Peak D}ShOCk aac

Second power equation curve.

Note that the slope decreased with shock plasma
peak A and then increased with shock plasma
peak D. The difference in slope was not

significant.
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Figure 46. Load-latency curve

" = KH: Krebs-Henseleit solution
-5 —@ —-g- DYl: Peak D, Young dog #1
—% —4— A— DOl: Peak D, 0ld dog #1

Third power equation curve.

The slope continually decreased as Krebs-Henseleit
was replaced with peak D of plasma from a young
dog and then with peak D of plasma from an old
dog. There was no significant difference between
peak D of plasma from the young dog and peak D

of plasma from the old dog.
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Figure 47. Load-latency curve

KH: Krebs-Henseleit solution
- =5 = DY2: Peak D, Young dog #2
—& —A —A— DO2: Peak D, Old dog #2

Second power equation curve.

There was no significant difference between
peak D of plasma from a young dog and peak D
of plasma from an old dog.
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Figure 48. Load-latency curve

KH: Krebs-Henseleit solution
-8 —&- —m- DY¥3: Peak D, Young dog #3
e ~ff — j— DO3: Peak D, 0ld dog #3

Fourth power equation curve.

The slope of the curve for peak D of plasma
from an old dog was less than the slopes of the
K-H curve and the curve for peak D of plasma

from a young dog, but was not significantly
different.
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Effective Load (9)

. KH: Krebs-Henseleit solution
—& -& —& DY¥3: Peak D, Young dog #3
—& —a ——A— DO4: Peak D, 0ld dog #4

Fourth power equation curve.

The slope of the K-H curve decreased with peak
D of plasma from the young dog, and then increased
and exceeded the slope of the K-H curve with peak
D of plasma from the old dog. There was no
significant difference between peak D of plasma
from the young dog and peak D of plasma from

the old dog.

Figure 49. Load-latency curve



Figure 50. Load-latency curve

EE——— KH: Krebs-Henseleit solution
- -8 —= DY4: Peak D, Young dog #4
SO [y . DO5: Peak D, 0ld dog #5

Fourth power equation curve.

The slope of the K-H curve decreased with peak

D of plasma from the young dog, and then increased
and exceeded the K-H curve slope with peak D of
plasma from the old dog. The difference between
peak D of plasma from the young dog and peak D

of plasma from the old dog was not significant.
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. _;h__*__ﬁ_ . KH: ' Krebs-Henseleit sclution
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—& —& —i — DO6: Peak D, Old dog ‘46

Third power equation clrve.

The slope continually increased as Krebs- ‘ ‘
Henseleit was replaced with peak D of plasma from
the young dog and then with peak D of plasma
from the old dog. The difference between peak

D of plasma from the young dog and peak D of
plasma from the old dog was not significant.,”

- +

Figuré 51.. Load- latency curve
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Fourth power equation curve.

The slope continually increased as Krebs-Henseleit
was replaced with whole plasma from the young dog
and then with whole plasma from the old dog. There
was a significant difference between whole plasma
from the young dog and whole plasma from the old -
dog (0=0.05). '

Figure 52. Load-latency curve



Figure 53. Load-latency curve

. KH: Krebs-Henseleit solution
- -@4— - Plasma Y4: Plasma, Young dog #4
—& —~A — A— Plasma 02: Plasma, Old dog #2

Fourth power equation curve.

The slope for whole plasma from the old dog

was less than the slope for K-H and whole plasma
from the young dog. There was no significant
difference between whole plasma from the young
dog and whole plasma from the old dog.
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Figure 54. Load-latency curve

s KH: Krebs-Henseleit solution
-8- 8—a —g Plasma Y5: Plasma, Young dog #5
—& b— a—A— Plasma O5: Plasma, 0ld dog #5

Third power equation curve.
There was no significant difference between whole plasma from the
young dog and whole plasma from the old dog.
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Table 5.  F-values to test -for method and age effects and age by method interaction

Method effects

Age effects

Age by Method Interaction
o2

1 2 , :

7F7 Pr>F F14 Pr>F F14 Pr>F
Latency 0.14 0.723 0.06 0.940 3.63% 0.054
P, 0.01 0.930  3.60% 0.055 2.47 0.120
Vax 1.07 0.334 0.61 0.557 1.58 0.240
Vhax/cross—
sectional _
area 0.66 0.442 1.93 0.182 0.13 0.881
Active , ,
tension 0.24 0.639 - 3.84%% 0.047 1.08 ‘0.367

68T

* .
Approaching significance at 10% level (c=0.10).

*

*
Significance at 5% level (a=0.05).
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The critical F% value (a=0,05) = 5.59. The Ho: method 1=
method 2 was not rejected at ¢=0.05, nor at a=0.25. There
were no significant method differences or effects on any

of the five parameters: latency, Po' \Y

v -per unit of
max’ 'max P

cross-—-sectional area, active tension.

The critical Fo, value (a=0.05) = 3.74. The H : age
l = age 2 = age 3 was not rejected at a=0.05, nor at o=0.25,
and no sighificant age effects on latency or Vmax were claimed
to exist. The Ho: age 1 = age 2 = age 3 was not rejected
at a=0.05, nor at ¢=0.10; there were no significant age
differences on V___. per unit of cross-sectional area. The

max
HO: age 1 = age 2 = age 3 was not rejected at o0=0.05;
there were no significant age effects on P,. However, the
H : age 1l = age 2 = age 3 was rejected at ¢=0.10, and an
age effect on Pb was claimed to approach significance. The
H,: age 1 = age 2 =-age 3 was rejected at o=0.05 and a
significant age effect on active tension was claimed to be
present.

Overall, age effects were significant for active tension
and approached significance for Po' The H : age 1l =age 2 =
age 3 was not rejected at a=Q.05L nor at g=0.10 for latency,
Vmax' or Vﬁax per unit of cross-sectional area.

The Ho: all B's (slopes) are equal was not rejected

at 0=0.05, nor at 0=0.25; there was no significant age by

method interaction for active tension. The HO: all B's are
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,equai was not‘rejected at o=0.05, norlat ¢=0.10, and no

age by method interaction was claimed to be significant or to
approach sigﬂificance for P_. This indicated that the age
effect on active tension and Py was the same for metheods 1
and 2.

There were no age effects on latency, V

r Vv
max’ °C Ym

ax
per unit of cross-sectional area, so it was not necessary
to assess any dage by method interaction.

The eritical value for t, 14 d.f., a=0.05 is 1l.761.

The HJ: u was not rejected at ¢=0.05. There was no

2 -~ H3
signifiqant-difference in Po or active tension (n=9) be-
" tween young age treatment #2 and old age treatment #3.
The LSDialso indicated that there was no significant dif-
ferénce*betweenlyoung and old.

The H : u; = %(ﬁz +‘p3) was rejected at d=0,05, and
the standard, R-H‘treatment #1, was claimed to be differénty
ﬁrgm the mean of young and old age tréatments for P and “
actiﬁe«tension (n=9).

‘ An age effectrapproached signifiqance’for Po'énd was
gsignificant for active tension. This age effect, however,
'w;sTdetermineﬁ ovef_three treatments: K~-H, ¥, 0. It is
-”neéessary to determine wheré‘this age effect is occurring;
Fhus two apgropriate‘comparisoﬁs were made. There was nb,
signifidant differeqce in Po or active tension. between yéung

and old‘demonétratéd by comparison 1 and the LSD. AThe,




Table 6. Means
Analysis of Variance Procedure®
Means '
¥ N vi ¥2 ¥3 v4 ¥5
1 8 172.529333 3.41955556 5.06705556 7.28577778 4.86922222
2 9 143.344778 3.53322222 3.49422222 3.15622222 3.27133333
A% x ¥l ¥2 ¥3 ¥4 ¥5
1 9 ‘ 161.705667 3.71477778 4.74166667 6.47400000 4.64200000
2 9 160.195556 3.43788889 4.46222222 5.74166667 4.35111111
3 9 166.502222 3.21966667 4.42444444 5,51211111 4.01666667
M A N ¥1 ¥2 ¥3 ¥4 Y5
1 1 6 191.708500 3.50916667 5.11283333 7.95000000 5.06116667
1 2 6 162.922667 3.49183333 4.91683333 7.03783333 5.00416667
1 3 6 162.956833 3.25766667 5.17150000 6.86950000 4.54233333
2 1 3 101.700000 4.12600000 3.99933333 " 3.52200000 3.80366666
2 2 3 154.741333 3.33000000 3.55300000 3.14533333 3.04500000
2 3 3 173.593000 3.14366667 2.93033333 2.,79733333 2.96533333
aYl refers to latency; Y2 refers to P_; Y3 refers to V : Y4 refers to vmax/

cross-sectional area; Y5 refers to active %ension; M= methga§ A = age sub-
treatment (1 = K-H (Krebs-Henseleit solution), 2 = Y (plasma from young dogs),
3 = 0 {plasma from old dogs)); N = number of observations in a mean.

bThe first set of means M1l,2 consists of method means.

cThe second set of means Al,2,3 (n=9) consists of age means over both
methods. The third set consists of age means for .each method.

Z6T
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Table 7. CompariSOn of the meansa

comparlson 1l = cogparisoh_2-= _
n (Yz . -Y3 - ) (2Yl . "Y2 . _Y3'. ) ]'_-,S_Db
i . t-value t~value -
Tatency 9 0.337 0.101 32.966 ++
6 0.001 1.449% 40,375 ++
3 0.581 2.225%% 57.099 +-
P, 9 1.178 2.405%* 0.326 +.
3 0.58 3.203%% 0.564 + .
Voax 9 0.121 1.099 0.553 ++
- 6 0.663 0.206 0.677 ++
3 1.146 H 1.609* 0.957 +
V., /CTOSs= . 9 0.45 1.914%* 0.90 + -
- gectional 6 0.268 1.837%% 1.102 ++
area 3 0.398 0.716 1.559 ++ .
Active 9 1.478% © 2.343%% 0,398 + .
tension 6 1.671% 1.203 - 0.487 +
3 +

- 0.205 S . 2.360%* 0.689

qcomparison 1 = y2 y3 ; comparison 2 = 2§i_ §é. §5.
yl_,y2 ,y3 refer to the means of all the observations in the-m

K-H, young age, and old age ‘treatments, respectively. = LSD

‘refers to the Least Significant Difference. Note ‘that when‘

- n=9, we are studying the age means over both-methods which

is valid 51nce there are no 51gn1f1cant method differences.:
b+ LSD is greater than the-difference between the young

and old-age treatment means. ++ LSD is greater than the dif-

ference between any two of the three age treatment means. K-H,
Y, 0.

_‘Approachihg significance at 10% level (a=0.10). ",”ef

*%* . : . .
Significance at 5% level (a=0.05).
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standard, K-H treatment, was significantly différent from
the mean of the young and old age treatments (comparison.
2). It can be concluded that it was the first treatment
(K-H) that was separate from the young and old age treat-
ments which, as a.pair, were not significantly different
from each other. Thus, the age effect exhibited for Po and
active tension could be attributed to the standard (K-H
treatment) differing significantly from both the young énd
old age treatments which did not differ from each other.
The Ho: u2==u3waé not rejected at ¢=0.05; there was no

significant difference in latency, V

max! ©OF \'4 per unit

max
of cross-sectional area (n=9) between young age treatment
#2 and old age treatment #3. This was in agreement with the
LSD.
= 1 ; - .
The HO. My = 7(u2 + u3) was not re;ected at a=0.05;

the standard was not significantly different from the mean

of the young and o0ld age treatments for latency and Vmax(n=9).

The HO: My = %(“2 + u3) was rejected at «=0.05, and K-H was
claimed to be significantly different from the mean of young:
and old for Vmax per unit of cross-sectional area (n=9). An

age effect on Vﬁax_per unit of cross-sectional area was not
significant when all three treatments were considered. How-
ever, when treatment #l1 (K-H) was separated out and compared

with the mean of treatmeénts #2 (Y) and #3 (0), there was a




195

significant difference which was masked when all three treat-
ments were considered together in determining age effectst-”
This masking was probably due to the c¢loseness of the veluee
for Y and O age treatments {Table 6).

~ Although no significant method differences were present,
comparisons of the young withlthe old age treatment, and tﬁe
standard with the mean of the youﬁg and old age treatments
were made for each method {n=6, n=3).

The Ho: My =lu3 was not rejected at a=0;05; there was .
no significant difference in latency, Pd' vmax' Vﬁax per |
unit of cross-sectional area or active tension between yquﬂgi
and old age treatménts for methods 1 or 2.

. The Ho: My = %(Hz + u3) waeﬂnot rejected.at a=0.0$:
there wes.no significent difference between the standard
(K-H) and the mean of the yoqng and old age treatments for .

latency, Po, Y or activeftehsion (n=6);‘,The Ho'

max’

?

Hy =-%(u2-+ u3) wae reﬁected et a=0.05,,an§ a significant
differeﬁce between XK-H and the mean of ¥ and O was claimedi
to be present for V max Per unlt of cross-sectional area |
(n=6). Again, this dlfference was probably masked by-the
‘closeness of the values for Y and 0 (Table 6), since no 51g—
nlflcant age effects were present for this parameter.
The H My = (u2 + u3) was not rejected at 0=0.05;

there was no szgnlflcant dlfference between the standard

and ‘the mean of Y and 0 for Vs .or V.. per unit of cross-
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sectional area (n=3). The HO: uy = %(uz + u3) was rejected at
0=0.05, and a significant difference between the standard
(K-H) and the mean of the young and old age treatments was
claimed to be present for latency, Po' and active tension
(n=§). These significant differences in P, and active tension
were expected since age effects were demonstrated for these
parameters, and were actually due to the K-H treatment dif-
fering from the young and old age treatments which did not
differ from each other. The significant difference between
K-H and the mean of Y and O for latency became appgrent when
the means over both methods 1 and 2 (n=9) were subdivided
into individual method means (n=6 and n=3). X-H was then
seen to differ from Y and O which did not differ at all from
each other for method 1, and differed only slightly from
each othér relative to the K-H value for method 2 (Table 6).
To conclude, there was no significant difference be-
tween plasma from young and old dogs. Any significant age
effect could be attributed to the first age treatment (K-H)
differing from both the young and old agé treatments which,

as a pair, did not significantly differ from each other.




° .Table 8.

Correlation coefficients

v /cross-

latency P0 vmax maX’ sectional active tension
. area
age 0.019 ~0.126 -0.062 ~0.059 -0.061
létgncy : -0.487 ° -0.719 -0.628 '=0.656
Po 0.566 0.488 0.674
Voax 0.729 0.679
V___J/cross- 0.938

max

area

sectional

LeT
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Latency values are in msec/g.

Age treatments 1, 2, 3 correspond to Krebs-
Henseleit (K-H) solution, Young (Y) (plasma,
processed or unprocessed, from young dogs), and
0ld (0) (plasma, processed or unprocessed, from
old dogs), respectively.

Figure 55. Latency (slope) and age
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Age treatments 1, 2, 3 correspond to Krebs-
Henseleit (K-H) solution, Young (Y) (plasma,
processed or unprocessed, from young dogs), and
0ld (O0) (plasma, processed, or unprocessed, from
old dogs), respectively. Note that the scatter

of observations is similar for the young and old
age treatments.

Po and age
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Figure 57. V .. and age
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Age treatments 1, 2, 3 correspond to Krebs-
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processed or unprocessed, from young dogs), and
014 (0) (plasma, processed or unprocessed, from
old dogs), respectively. Note that the scatter
of observations is similar for the young and
old age treatments.
Figure 59. Active tension and age
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Table 9. t-values for latency, P_, Vp. .. x/cross—

sectional area, and active ten51on for individual
muscle experiments®

/cross-— .o

latency P, Vhax Vmax ziSZLOnal éggg?g;
DYi-Ds ~0.857 3.652%k*% 1, goQ** 2.,370%%*
AS-DS -1.079 0.820 -0.046 1.177.
DY1-DOL 0.671 0.0 ~1.385% ~0.258 0.0
DY2-DO2 -0.373 -0.076 -0.735 -0.085 ~0.012
DY3-DO3 0.932 -0.076 0.268 0.053 -0.019
DY3-DO4 -0.224 0.483 -0.216 ~0.282 0.905
DY4-DO5 -0.402 0.895 0.752 1.425% 2.115%%
DY5-DO6 -0.607 1.305 -0.307 -0.194 1.103
DY6-DO2 .  0.995 -0.112 0.008 -0..013
Plasma Y5~ ~1.862% 1.079 1.696* 0.507 0.428
Plasma 03 . .
Plasma Y4- 0.405 . 0.187 0.029 0.017 0.148
‘Plasma 02 _ | :
Plasma Y5-  0.450 -0.259 0.259 0.164 ~0.223 .

Plasma O5

4Note that the pooled variance for each of the five
parameters determined by the analysis of variance was used in
"calculating t-values. There was a significant difference in

P ’ Vmax' and active tension between processed shock plasma

',peak D and processed plasma peak D from young dog #l.
_*Approaching significance at 10% level (a=0.10).
‘**Significance at 5% level (o0=0.05).

| **»gignificance at 2.5% level (a=0.025).

Khkk '
Significance at 0.25% level (a=0.0025).
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DISCUSSION

Discussion of Methods

Dialysis and gel filtration were the most significant
steps in the preparation of purified depressant factor
(MDF) activity, separating MDF from protein and salt in

plasma.

Dialysis

The reason for freezing and thawing plasma prior to
diaiysis was to remove the cryoprecipitable proteins which,
if not removed, would collect on the dialysis membrane and
interfere with the filtration process, Pressure dialysis
was chosen in lieu of other deproteinization technigues.
Filtfation gels and membranes for ultrafiltration tend to
bind polypeptides and proteins. ﬁigher yields of MDF
activity are obtained with pressure dialysis than with tri-

chlorcacetic acid-ether treatment (Yamada and Pettit, 1977).

Column chromatography

It was necessary to remove the upper 1l.0-1.5 cm layer
of the gel bed between column separations. When a column
is repeatedly used, the flow rate may decrease. The upper
part of the gel bed may become clogged with fine particles
from the buffer solution or sample. The removal of this un-

wanted debris helps to maintain the flow rate and resolution
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of the column, and to diminish the tendency of the gel bed

to become compressed during elution.

Papillary muscle sensitivity

Several variables can influence_isoiated papillary mﬁscle
performance: -osmolarity; PH, temperature, oxygenation,
‘ ébdium ion concen#ration.and caicium ion concentration.

According_to Goldfarb et al. (1978), an osmolarity range
~of 270-310 milliosmols/liter did_not induce any cardio—
depressan£ activity. This is not consistént With what I
héve foﬁnd to occur. An osmolaritf_of 288 and above wili
idamége the papillary muscle. The base line resting tension
will'rise upWar@ and eventual}&, the amplitude of contrac-
tion will decrease until theﬁmuscle'ﬁies. An osmolarity
change may be due either to salts and ion buildﬁp in the
tqbinq of theuSYStem'or water removal from the bath solutién..

Tension dével&émént uhdergées sigmoidal depression w;#h
La@idqsis.' Déﬁeloped“ténsion was depfessed by a 501htion'pﬁ:
;Qtsid? the range of 7.25~7.60-ﬁGoidfarbland Weber, 1977b; .
ﬁefe%randﬁBléftberg, 1963). Any pH changes that occurred
may be .due to a drift in pH of the buffer, air entering the
sygtem'throﬁgh leaks in the tubing or valves, or muscle - |
activity,-‘rf'the muscle is dyihg, cellular contents are
:g;éaéedlinto ﬁhé batﬁ solution which lowers pH. |

3 All muscle experiments were run aﬁ 27C. It has been
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shown that the velocity of shortening of preloaded isotonic
contractions was not dependent on temperature (Parmley and
Chuck, 1973). In another study, temperature was found to
have an effect on peak active tension. The peak active
tension was reduced fivefold as temperature was increased
from 20C to 38C (Johnson et al., 1974). Although physio-
logical temperature is approximately 38C, papillary muscle is
studied at lower temperatures to slow the contractile
processes. Since equipment has a slow reaction time, it
would be best if the muscle contracted as slowly as possible
during mechanical measurements.

A high sodium ion concentration depresses and calcium
ion concentration stimulates tension development in a linearﬂ
fashion. An adequate calcium ion concentration in the
muscle bath solution is important for contraction. When
mammalian myocardium was exposed to calcium-free perfusion
fluid, contractile tension declined with a half-time of 15-60
seconds (Langer, 1971; Langer, 1977). The neceésity of
having the correct concentration of ionized calcium is un-
questioned. Calgium at concentrations of 7.5 mM effectively
counteracted thenegative inotropic effect of MDF in iso-

- .
lated feline papillary muscle preparations (Lefer, 1978).

The activat%on of the mechanical response of papilléry

muscle is dependént on the influx of ionized calcium from

the extracellular phase with depolarization of the cell
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membrane. The source of the Ca++ for excitation-contraction
coupling is the cellular surface. Acidic mucopoleaccharides
in the basement membrane are capable of binding ionized
calcium. The Ca++ which moves into the cell either directly
activates. the méchanical response or triggers the release

of additional Ca++ from intrgcéllular storage sites.

An increased intracellular Ca++ concentration results
ithhe increased binding of Ca++ to troponin C which neu-
tralizes the inhibitory action of troponin I on myosin ATP-ase.
These changes in thé-regulatory protein system permit the
interaction of actin and myosin. Ca++ is essential for
MgA;_L‘P-2 hydrolysis and contraction. The hydrolysis of ATP
provides the energy for the .activation of cross-bridges.

Calcium governs both the number of active cross-bridges
between the actin and myosin filaments during tension de-
velopment and the rate 6f turnover of cross-bridge formation
{(Brutsaert et al., 1971, 1973; Edman, 1977). Po and shortening
velocity were greatly enhanced when papillary muscle'was
subjected to high calcium ion concentrations (Brutsaert
et al., 1973).

It was therefore imperative to know the calcium ion con-
'Centrétion in the solution bathing the papillary muscle, and
to monipor the variables which affect isolated papilléry
muscle.

The Ca012 concentration in the Krebs-~Henseleit buffér was
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increased from 2.58 mM to 3.25 mM when the buffer was to be
used with the lyophilized test peak. The osmolarity of the
lyophilized test peak in 23 ml of K-H buffer was much higher
than 282, and required the addition of 6 mllof water., The
addition of water, while adjusting the osmolarity to physio=
logical range, would cdoncomitantly alter the concentration
of the important ion, calcium. This was avoided by starting

with an initial'concentrétiOn of 3.25 mM CaClz.

Papillary muscle selection

The young age of the dogs from which papillary muscles.
were taken had no negative effect on this study. These
nmuscles served as effective experimental units. Papillary
muscles from 4-6 week old dogs haye been shown to be func-
tional with respect to receptor development (Hembrough
et al., 1978}. Since papillary muscles of young dogs are
thinner they are easiér to oxygenate in solution. Since the
effect of old age was studied, it was desirable to use
muscles from young dogs.

The geometric shape of the papillary muscle is impb:tant'
in determining the usefulness of the muscle and in esti- |
mating the capability of the muscle to function for an ex-
tended period of time (8 hours). The ideal morphology of a
papillary muscle is length and thinness.

It is speculated that more tubular invaginations of the
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plasma membrane may extend into the cytoplaem of longemuSCie; :
cells. The lumen of the tubules from the'transversehtubﬁler
system is coﬂtinuphs with the extracellular space. These
tubular inveginations esually are observed at the level of
the Z band.. Thus, with longer muscle cells, more tubuleSJﬁey
come in contact with the contractile cemponent aree, and a
rapia'distribution.of“excitatory stimiilus is facilitated
" throughout the cell. A recruitment of more myofibrils‘froﬁj;.
the depth of the fiber is a result of the spread of aé;
polerization along the transVerSeftubulér system.

The sarcoplasmic réticulum lies close to the plesma'
membrene; Electron—dense feet protrude from the wall of
: the sarcoplasmic retlculum and may faCLlltate the direct
t:ensfe;‘of 1nformatlon from the,p;asma membrane to the.
SedePiaémic}fetieplum{. It would be advantageous to decre;se
;he diffﬁsion disﬁance for calciﬁm ions to the mYofibrils.
The inner core ef thick, ﬁriapgular shaped papillary mUscles
becomes h§p6xic in'a.few hours in the muscle chamber,sihcef
the diffusion distance for oxygen and iens ie large. Thel
spreagpef depqla?i;atién along the T-syetem would, most
likely, not reach the inner core of very thick muscles.
There are more plasma membraneltubulaf.inveginations which
” ¢q§tact the inner edre ef 1on§, thin‘musclee; -
If en;y-the outer-core of the muscle is function&L,“cT

then a thick, triangular shaped muscle has a wasted inner
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core with a minimal outer functional area. A long, thin
muscle has an extended outer core with larger functional
area, and a smaller inner core. A long muscle is advan-
tageous, since the total functional range of papillary muscle
is approximately 25% of the muscle length (Ford and Forman,
1974). As muscle length is increased and cross-sectional
area is decreased, oxygen diffuses more effectively into the
central hypoxic core. The life of the muscle is extended.

According to Brutsaert et al. (1971), developed force
should exceed resting force by a ratio of 5 or 6 to 1 in
adequately functioning feline papillary muscle preparations.
Smaller ratios usually reflect mechanical damage to the muscle
preparation. Feline papillary muscle is usually longer and
thinner than canine papillary muscle. A long, thin muscle .
develops more force since the outer core of the muscle is
functional. The P is higher in feline papillary muscle.
Thus, the ratio of active tension to resting tension in
feline papillary muscle is larger than the ratio in canine
papillary muscle.

Based on Brutsaert's guideline ratio, a ratio of 4.5:1
was used as the primary criterion for canine papillary muscle.
The mean ratio for eleven canine papillary muscles was 4.57

{(Table 3). Caution should be exerted when interpreting the

results of papillary muscles from other species, since species
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differences do‘exiat.

Five papillary muscles did not satisfy this initial
criterion but did satisfy other criteria. Papillary muscles
with ratios smaller than 4.5, but with Po's larger than 2
were used in age experiments:‘B and 8. The Po steadily in=--
‘creased with-time in age experiments 1, 2, 3, and in shock
{experiment 2. The only exception was the expeCtéd decrease
in P with shock plasma peak D. Three papillary muscles
had a cross-sectional area larger than the criterion value
-of 2.1 mm2; The P, was large and/or steadily increased
with time for these muscles in age experiments: 1, 2, 3.
Based on these crlterla (active ten51on to resting ten51on
ratlo,;Po, cross—sectlonal area), eleven out of twelve,

- muscles were acceptable.

=The five muscles whose active to resting tension tatios
were smaller than 4.55were hct.omitted. The secondary cri-
teria, large P and/or a steaqiiy increasing P,, are indi- -
cators of an adequately and contihuously'functicning muscle
preparation. Mechanical damage to the muscle would pot be |
reflected by a steadlly 1ncrea31ng P,- A muscle with a
'large P was usually indicative of a muscle with the po-

tent;al,to-exhlblt.true'clearcut‘dlfferences between test
samples,-if differences,exiated., A small P_ indicated less
deVeloped.force, and 'possibly a weak muscle which was very

seneitive to minor differences between test samples. There
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is the uncertainty, however, with small Po—muscles, that any
depression exhibited may very well be due to the deterioration
of the weak muécle and not due to the presence of a depressant
factor in the test sample.

The papillary muscle which was subjected to peak DY6
and peak DO2 was not used. The cross-sectional area was too
large (6.73 mmz), the musecle length was too short, and the
Potwas greatly depreésed after the buffer solution was re-
placed with peak D of plasma from young dog #6 (Figure 31,
Table 4). Mechanical damage to the muscle was assumed to be
responsible for this depression; the papillary muscle system
was initially not circulating well. This was indicated
by an improvement in amplitude of muscle contraction with the
addition of oxygen directly to the muscle, and difficulty
in stabilizing pH. This muscle experiment did serve to
reconfirm the lack of difference between peak D of plasma
from young and old dogs, despite the difference of peak D of
plasma from both young and old dogs from the standard (K-H
buffer solution). Peak D of plasma from the same o0ld dog
(02) was repeated in age experiment 2 (Figure 26).

One final justification for the inclusion of three
muscles with cross-sectional areas larger than the criterion
value is the evidence in an experiment performed by Lﬁndgren

et al. (1376). There were no statistically significant
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diffefences in the responses of thin.and thick rabbit
papillary muscles to plasma: He concluded that cross-
sectional area ﬁés of. no sigﬁificance in relation to muscle
responses. Again, it should be remembered that a different

species was used, and also that the hypoxic core effect with

thick muscles is only a hypothesis. The value of establishing.

eriteria for muscle selection is an attempt to include only
select stable muscle preparations with'high potential for

contractility,

ﬁresfretching'the'muscle

The ‘papillary muscle wés-prestfetched with a heavy load
for‘twb contractione prior to each preload duriﬁg the genera-
tion of a preload curve: Cardiac muscle contracts more -
vigorousiy when sfretched. At an optimal length, the degree
of overlap of thick and thin fllaments w111 permlt the
generatlon of a large force. Accordlng to.Noble and Else
(1972), stretchlpg the muscle,during contrectiqn overcomes
' ﬁhe'iﬁhomogeneity of muscle and maintain$ the central |
sarcomeres at-the‘desired length,

.Erestretehing the mﬁecle with the same heavy weight
prior to each prelbed-ﬁeight places the muscle in the same
cbnqitiqn with respect to thick_and thin filament overlap
fof eéch test pfeldad weight, Thie reduces'the variabilityf

of the muscle during the generation of the curve.
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Prestretching the muscle increases the length and per-
mits a transient decrease in cross-sectional area of the
muscle which subsequently increases oxygenation of the inner
core. As the mgscle is prestretched, the increased oxygena-
tion aids the muscle to contract maximally for each preload
weight. Any decline in amplitude of contraction during
the generation of a preload curve cannot be due to a
hypoxic innér core, since the muscle core continuously

receives a "burst" of increased oxygen with each prestretch.

Basis for selecting the preload weight

The selected preload weight was n92.5% of the preload

).

The selected preload thus produced a percentage of Lo

weight that would produce a maximal contraction (Lmax

X
between 90 and 100.

A preload producing a high percentage of L ax Was used’

for a specific reason. When muscle length was increased from

90% L

max P to Lmax' there was an immediate increase in

isometric force due to the Starling mechanism. This was
followed by a gradual secondary increase in force which
occurred during the subsequent ten minutes (Parmley and Chuck,
1973). Parmley and Chuck (1973) conducted their study with
99% Loax”

The question as to whether the heart functions at the

top of the length-tension curve or at 10% below Lmax has been
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a point of conﬁention. According to Sonnenblick (1974), the
heart functions betweén 2.0 and 2.2 um. At sarcomere lengths

shorter than L the resting tension declines exponentially'

max’
to zero at v85% Lmax' A positive filling pressure distends
the heart, and therefore, thé heart must work at sarcomere
lengths greater than 85% Loax®

In all cases, V__ _ increased with increasing muscle

max
extension even in the range of physiological muscle length

from 85% Lm

ax to Lmax (Gulch and Jacob, 1975a; Minelli et al.,

1975; Donald et al., 1972). Brutsaert et al. (19271), how-
ever, claimed that V___ remained constant‘betwggn Loax
and 87.5% L _. . The inhomogeneity and variation in sarcomere
length was reduced by using a high preload, a resting tension
close to.Lmax (Brutsae;t et al., 1973}. '

By using a preload which produced a high percentage of

L

max’ the resting tension was set at a level just below that

which WOuld‘yield é'max;mal contraction. This places the
muécle in.ah optimum state with respect to sarcomere lengt@,
and permits the muscle to respond with its full potential.:
Any'change in contraqtility which‘may be iﬁduced by MDF
signifies the sensitivity of the muscle to this depressant
factor, 'since the muscle was functionihg ét an optimum point

along the ascending limb of the length-tension curve.
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Generating preload and afterload curves backwards

Preload and afterload cufves were generated backw#rds,
beginning with the heaviest load and serially replacing it
with lighter loads. This was done to avoid overstretching
and fatiguing the muscle with time. Maximum velocity of

shortening (Vm x) is determined only by the total load, and

a
not by the sequence of length changes or the mode of un-

loading to zero load (Brutsaert et al., 1971).

Composite force-velocity curves

Velocity was plotted against P/P0 where P = load and
Po = maximum isometric force at zero velocity in the composite
force-velocity curves (Figures 35-41). Dividing P by Po
normalized the force of all muscles, thereby eliminating dif-
ferences 'in the size of the papillary muscles. The total
number of activated myosin cross-bridges for each muscle
was standardized.

Velocity per unit of cross-sectional area was plotﬁed
against P/PO in the composite force-velocity curves (Figures
42, 43) to eliminate differences in cross-sectional area.
Thus, all muscles were normalized with respect to both force

and velocity per unit of cross-sectional area.
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Discussion of Results

Although I have confirmed the presence of MDF in the
plasma of a canine with experimental pancreatic vessel
ischemia, apd'have resolved the controversy between Lefer
and Wangeneteen, many questions concerﬂiﬁg the nature of
MDF still remain.

'MDF is uhdoubtedly a peptide, since it is ninhydrin-
positive and absorbs ultraviolet light at a wavelength of
230 nm, which is the optimum wavelength for. peptide bonds.
Based on calibration of the columns with molecular weight
markers, MDF is estimated to have a molecular weight between
700 and 850 (Table 2). This small range has not been reported.
Caeine MDF exerted a negative inotropic effect on canine

papillary muscle. V

' tive ion values were
max’ Po’ and active tens lu

depressed 51gn1flcantly (Figure 23, Table 92). There was no
-51gn1f1cant effect on latency which was determined as the
tlme from the beglnnlng of stimulation to the beglnnlng of
'contractlon. ThlS is consistent w1th other reports, MDF (two-
hour shock) exerted no 51gn1f1cant effect on latency which
was. determined as the time to peak tensxon.

.Several 1nvest1gators have reported the presence of
IMQF_in sheck plasma atlconcentrations in the nanomolar and
prcomolar range. Since MDF could not be completely isolated,

and,he‘Calculations or descriprions on the determination of
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these concentrations were provided, these concentrations
should be considered only as éstimates. There was no way
to precisely measure the concentration of MDF in the eluate
or lyophilized samples. However, it was possible to demon-
strate the potential of MDF activity and the sensitivity of
the papillary muscle bicassay to a 58.8-fold dilution of
MDF from the original starting material (Figure 2).

The dilution of plasma during gel filtration should be
considered when detérmining MDF bioassay parameters. A
direct linear relationship'between the concentration of the
sample and the percentage inhibition of papillary muscle
contraction was reported. Thus, the sensitivity of the
papillary musclé bioassay was demonstrated for MDF, since_a
gignificant depression in contractility was observed with a
58.8~fold dilution of the original shock plasma. Thus, in

P_, and active

actuality, the depressed values for Vﬁax' o

tension for MDF-treated muscles represent a higher depressant
capability of MDF, since the MDF was diluted 58.8-fold from
the original shock plasma sample. This is consistent with the
high absorbance readings for peak D of shock plasma which,
while in the eluate, was diluted 18.8-fold from the.original
starting material. Low absorbance readings for peak D of
plasma from young and aged dogs were matched with expected
contractility responses which indicated insignificant MDF

activity in comparison to shock MDF activity.
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It is impressive that the élution volume for MDF, which
was found in peak D of shock plasma, was very similar to thé .
élution volume for peak C of plasma from both young and old
dogs. Peak D of plasma from both young and old dogs was
found at a later elution volume than that for pedk D of shoékA
plasﬁa. Peak C contains a normal component of plasma which
has moderate negative inotropic activity (Lefer and Martin,
19705). However, the negative inotropic effect of peak C was
not seen in shock plasma when both peaks C and D were presenﬁy.
Only the effect of peak D (MDF) was observed. It is hy-
pothegized that the active component(s) of peak C and peak
D (MDF) may act on the same receptor site. Peak C would théh
have a weaker affinity for the receptor since ﬁhe negative
iqotropic effect of peak C was not observed iﬁ shock plasmé'
when MDF (peak D) was present. MDF probably saturated the
available receptors and prevented the effect of the peptidef
in peak C from being expressed. o '

it is possible that peaks C and D—peptides compete- for
the same receptor site, since myécardial depressant activity f
wa;,@emonstrated.with peak C of normal‘plasma,_but not of
shock plasma. Depressant activity was demonstrated in Sh0¢K~'*
plqsﬁa witﬁ peak D. Similar élution volumes for peak C of |
plasma. from youﬁg and old dogs and.peak D of shock plasma
ipply that MDF has the same molecular weight as the peptide:

in peak C of normal control plasmé.from‘young and old dogs.
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Peak D of normal control plasma from young and old dogs ap-
peared at a later elution volume than MDF and did not have a -
large absorbance peak like MDF. No depression of papillary
muscle in any fashion which was quantitatively similar to

MPF was demonstrated.

The combination of isolated canine papillary muscle with
éanine processed and unprocessed plasma eliminated muscle-
plasma interactions due to species differences and per-
mitted the study of a species-specific (canine) MDF. The
effects of MDF on isolated canine papillary muscle have not.
been reported. In the past, canine MDF was assayed on feline
apd rabbit papillary muscle, and the possible effect of
species differences had to be considered with the effect of
MDF.

Experiments were designed in such a manner that each
muscle would serve as its own control. This removed the
effect 6f muscle differences and eliminated the inconsisten-
cies_between muscles that arise from differences in muscle
length, cross-sectional area, or in the state of contractility.

Two very large and similar-ﬁeaks, peak A and peak D are
depicted in each of the column elution patterns for a dog
with experimental pancreatic vessel ischemia (Figures 5, 6).
Significant MDF activity was present in peak D of the
chromatogram in Figure 5 (Figure 23). Peaks A and D of the

chromatogram in Figure 6 were then tested with another
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papillary muscle to differentiate between the two large
peéks and to confirm the presence of MDF in peak D (Figure
24). |
<. Although there was a depression in P, ﬁith peak b of
shock plasma in the AS~DS muscle experiment (Figure 24},
it was not significant. The response of the muscle in terms .

of Via was unexpectedly different from the response of the

“
muscle in FiguFé 23: There are several possibie explanations””
as to why the‘expé;ted‘signifiéént differences between shock
plasma peaks‘A and_D did not occur.

When the musclé was subjected to shock.plésma peak A,
the immediate resbonse was an increase in the amplitude_Of
.contraction.A.Although this ipitial increase in amplitude
wés'observed for every test peak; the increase for shock
plésma peak A‘was définitely'muchwlérgef;-so*large, that tﬁg
sensitivity on the dynograph recorder had to be reduced. |
It wés ;heréfore.unuSual that the Po value for peak A was
not ;agger‘than>it Waé;

n IﬁvreeVaIuating tﬂe'éituation, peak A from éhock
p;asﬁa should not be considered to be equivalent to either
peak A.or peak D éf coﬁtrolsplasmalfrom a young dog not in
shock:.. Aithough-Mb? was reported to be only in peak D
pf_shéck plasma, thé possibility that a negative depressant n
" factor may,be‘aégfegated to a lérge.peptide or protein in.“

‘peak‘A_of shock plasma cannot be ruled out, especially since.
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the formation of MDF is only hypothesized. There may be
large molecules in peak A which have combined temporarily
with some residual MDF.

Peak A contains large peptides and protein which are
beneficial to the muscle. This has been shown by a very
large increase in amplitude of contraction. However, there
may have been a competitive action between the large peptides
in peak A which exert a positive effect on the papillary
muscle and the hypothesized aggregated depressant factor which
would prevent the expected significant increase in Py The
effects of shock in plasma peak A should have been ascertained
by testing an individual muscle with peak A of plasma from
normal and shock-induced dogs.

The aﬁsence of a significant depression of Py with shock
plasma peak D following shock plasma peak A must be explained,
since shock plasma peak D (Figure 23) contained significant
MDF activity. It is possible that the beneficial supple-
mentary protein found in peak A stabilized the muscle such
that the reaction time for MDF (peak D} was slowed past the
thirty-minute period for induction of a response., Thus, the
exhibition of the negative effects of MDF were only delayed
because the papillary muscle was stabilized with peak A.

Another point is that this one muscle experiment consti-
tutes a small sample size, even though a pooled variance

determined by the analysis of variance was used to test this
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particular experiment for significance.

That the Vo value for DS (Figure 24) was greater than

ax
the Voax values for both AS and K-H is not consistentlwith
the DS response in_Figure 23, The incongruity of the Vﬁax
value with P, is also demonstrated in Figures 25 and 30.

The Po values of the papillary muscle subjected to peak
D of plasma from a ybung and old dog were identical (Figure
25). However, the Vﬁax value was larger for peak D of plasma-
from the old dog. In Figure 30, the P, of the muscle sub-
jected to peak. D of plasma from an old dog was depressed,
value fbr the pre-

but the Vha value was larger Fhan the Vﬁa

X X

ceding bath, peak D of plasma from a young dog.

Four explanations for this biological incongruity are
présenped. First,rthe validity of Vﬁax was questioned by
several researéhers. The possibility of an intrinsic load
is not considered when Vmax‘is extrapolated from the force-
vglécity cufve to zero load. Thére is no way of knowing’
whether unidentified internal fofces,are negligible or not;
or whether they are consistent or chaﬁging in a muscle.

It is possible £hat’the Vmax'values do not représent the
'maximum velocity of muscle shorteniqg-at'zero locad. Un-

for particular muscle baths may be

expected values for Vmax

attributed to the ﬁresence of changing internal forces which

would increase or decrease Vmax

as they decreased or increased,

respectively.
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Second, there is some subjectivity in the selection of
a particular polynomial to fit the experimental data points'-
of a force-velocity curve by the method of least squares.
The data points of all force-velocity curves were fit to
2nd, 3rd, and 4th order polynomials by the method of least
squares and correlation coefficients were compared. The pre-
dicted y values (velocity) for chosen x values (load) were
compared with experimental y values. The polynomial which
gave y values as close as possible to experimental values was
selected. The polynomial chosen for fitting the data points
was the same for all three muscle baths within one muscle
experiment. The polynomial which was used could vary from
one muscle experiment té‘another.

Extrapolated Vﬁa values differed for all three poly-

X
nomials, and therefore the polyndmial had to be carefully
selected. |
Third, the incongruity lies within the extrapolation
itself. When th¢ P0 of a muscle is large and the afterload
curve 1s generated backwards, the velocify changes gradually
along a semi-plateau similar to a sigmoidal curve (K-H
curve, Figure 30). A large number of data points may be
entered into the computer, programmed to extrapolate Vmax'

when the Po value is large. The points along the plateau

part of the curve influence the vﬁax value. However, when
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the P0 value of a muscle is smali, the velocity changes
more rapidly as the load is decreased. There is usually
no plateau. The Vmax value is extrapolated from a smaller
number of data points which can only force the Vﬁa value

X
to a much higher value than is biOIOgically possible. This
occurs because the velocity poin;s are changing faster over
a smaller range of loads than in the sigmoidal curve where
the Po is largé.

Fourth, since a high percentage of Lma was produced

X
by the selected preload, it is possible that the muscles
were potentiated by a high resting tension and were closer
to their ceiling of contractility. This may partially -

explain why some Viax Values remained high and were not

X

easily depressed, assuming that Vﬁa is length-dependent.

b 4
The use of particular molecular weight markers for
Bio-Gel P-2 should be discussed. Glycylglycine (molecular
weight 132.1) was consistently found in the eluate at a mean .
eluﬁibﬁ volume of 110—131 ml (n=4) which does not correlate

wiih the molecular weight. There are two possible reasons.
First, the exclusion limit for Bio-Gel P-2 is 200-1600
(Lefer, 1970). The elution volume for a substance will not -
be ;inegr beyond the exclusion limits of the béads. Gly-

cylglycine is below the cutoff point of the fractionation

range. The other possible expléndtion is that the



226

glycylglycine stock material was not really the dimer, and
therefore came off the column at a position which correspond-
ed to a larger molecular weight substance.

Glycylglycine was used as a molecular weight marker for
Bio-Gel P-2 by one research group (Lefer and Martin, 1970a),
which prompted me to include it with the other molecular
weight markers. Although Lefer (1970) acknowledged that the
lower end of the exclusion range for Bio-Gel P-2 was 200,
glycylglycine was still used as a marker. Glycylglycine in_
my separations consistently appeared in the eluate at a
position which corresponded to a molecular weight of about
1200. It is believed that the molecular weight of gly-
cylglycine is too low to satisfactorily calibrate Bio-Gel
P-2 columns with this peptide.

Hexaglycine was used instead of glycylglycine, since
the molecular weight (360.3) was larger than the low cutoff
point for separation by Bio-Gel P~2. However, hexaglycine
introduced a different problem, that of dissolution. This
peptide would not dissolve unless it was heated in 1N HCl.

A precipitate formed when the solution cooled to room tempera-
ture. Although hexaglycine was absorbed into the top layer

of the gel bed, there was no assurance that hexaglycine was
not precipitating within the column. This was substantiated

by the poor resolution of the hexaglycine peak in the composite
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chromatogram for molecular weight markérs (Figgre 21).
Thirty milligrams of hexaglycine instead of fifty mg was
dissolved in the same amount of acid and was reapplied to a
column. Although the warm solution of 30 mg of hexaglycine
in 1N HC1l would still precipitate when cooled to 25C, it
was layered on the column. The 30-mg hexaglycine peak was
not as broad as the 50-mg hexaglycine peak, but the existence
of a shoulder on the high molecular weight side of the 30-mg
hexaglycine peak may indicate poor resolution. This probably
means that hexaglycine was still precipitating as it passed:
through the column. The elution volumes at the peak height
of both 50-mg and 30-mg hexaglycine peaks were similar (177.0
and 173.5 ml). Hexaglycine was not an ideal marker and may
only serve as a rough estimate ﬁor'the pbsitioh of a 360.3
molecular weight substance. |
Angiotensin III inhibitor (molecqlar‘weight 896) was
found at an elution volume corresponding to a molecular
Weight of about 1375 (Figure'21). This peptide may have
aggregated and passed thfough the column as a heavier
part?cle._ If this peptide combined as & dimer, it would.
appear in the eluate ét an elution volume corfesponding to
twice the molecular weight. It would then be found in the
void volume. A poséible explanation for the position of
angiopensin iII inhibitor in the eluate is that there was

some nonspecific "sticking" which altered the molecular
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weight properties of the peptide. Angiotensin III inhibitor
did not seem to have a monomeric weight when applied to
Bio-Gel P-2,

The faster the flow rate, the sooner is the appearance
of the peak in the eiuate. This was evident with angiotensin
IT (molecular weight 1225), When the column flow rates were
identical (9.2 ml/hr), two of the peaks were found in
similar elution volumes. When the flow rate was increased to
11.2 ml/hx, the peak appeared sooner in the elution volume,
but overlapped with two later peaks at the slower flow rate
(Figure 21).

The column flow rate was constant throughout an entire
run and varied only slightly, if at all, between runs for any
one of the four columns. Differences in flow rates occurred
when columns were repacked.

The different elution volumes for MDF (peak D of shock
plasma) that are reported by different researchers may be
explained by altering characteristics of the column. Any
variance in column size, length, eluant or flow rate may
shift the elution volume of peak D.

According to Lefer and Martin (1970a), all eluted peaks
of shock plasma were ninhydrin-positive except peak B. My
ninhydrin test results agree with those of Okuda and Fukui
(1974); all eluted peaks including peak B were ninhydrin-

positive (Table 2). The results of the ninhydrin assay,
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which is indieative of total pfoteolysis, were consistent
with absorbance readings at 230 nm for each of the peaks.-

Several trends and consistencies may be suggested from
the column elution patterns for young and old dogs (Figures .
7-19) .

In the chrométograms for young dogs, peak D was con-
sistently smaller than peak C except for young dogs #2 and
#4. In the chromatograms for old dogs, peak D was con- _
sistently larger ‘than peak C except for old dogs #2 and #4
where peaks C and D were similar. A tradeoff in activity
between peaks C and D was observed when shock plasma was v
compared with control plasma. The activity of peak C of
control plasma diminished in shock plasma where peak D would -
be very active. | |

_ Although peak. DYl was smaller than peak CYl, and peak
DOl was larger thén peék COl, no depression of the papillgry 
mqscle resulted (Figure 25). There was efen a continual

increase in Via and a continual decrease in the slope of

X
the 1étenpy curve (Figure 46) as Krebs~Henseleit buffer was.
replaced first with peak D of plasma from the young dog and
tﬁep with'peak D of'plasma from the old dog.

| The medical history of old dog #1 (01l) made this dog an
interesting éubjéct. The 15-year old doé had mitral valve -

failure, renal failure and was being treated for Cushing's

syndrome. An increased concentration of glucocorticoids



230

would be present which would stabilize lysosomal membranes.
This would counteract the production of MDF if MDF was
associated with old age. If large peak D's were found in
the plasma of the other aged dogs, but not old dog #1, then
the hypothesis that lysosomal enzymes are important in MDF
formation would be wvalid.

Peak DO2 wés not larger than peak C02 and a continual
increase in muscle performance resulted (Figure 26).

Although peak DY3 was smaller than peak CY3, and peak
.D03 was larger than peak C03, the Po value of the muscle
steadily increased as buffer was replaced with peak D of
plasma from the young dog and then with peak D of plasma
from the old dog (Figure 27). The slope of the latency
curve for peak D of plasma from the old dog was the smallest
(Figure 48).

Although peak DY3 of the second column elution pattern
for young dog #3 was not much different than peak CY3, just
as peak D04 was similar to peak C04, the P, and slope of the
latency curve improved wiﬁh peak D of plasma from the young
dog and worsened with peak D of plasma from the old dog. Thé-
changes, however, were only slight (Figure 28).

The depressioq of the papillary muscle subjected to
peak DY4 and peak DO5 (Figure 29) should be considered.
Peak DY4 was larger than peak CY4, and there was a slight

initial depression in Po and Vﬁa when K-H was replaced with

X
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peak D of plasma from the young dog. The column elution
pattern for old dog #5 (Figure 18), the oldest dog in the
study, was different from the chromatograms of the other
dogs (young, old, and shock dogs) with respect to the size
of peak A.

The possibility that the large peptides or protein con-
tained in peak A were lost was considered at each step in
the procedure (Figure 2). Freshly obtained blood from the 17-
year old dog was completely processed again and a similar
elution profile was produced (Figure 60, Appendix). This
was repeated a third time, but peak A remained small (Figure
61, Appendix), unlike the peak A's from every other dog.
There is a similarity of the peaks and the relationship be-
tween peaks C, D, and E for all three column elution
patterns (Figures 18, 60, 61).

A decrease in sensitivity of the spectrophotometer
was even considered, since peaks A and D were of the same
size in shock plasma. If peak A was reduced by a decrease
in sensitivity of the spectrophotometer, then peak D would
also be reduced. However, peaks B, C, E, and F were no
smaller than those for other dogs, so this step of the pro-
cedure was ruled out. The dialysis procedure was suspect
because fibrin might adhere to the membrane if it was not
completely removed from the plasma. This might prevent large

proteins from passing into the ultrafiltrate. However, it is
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extremely unlikely that the large peptides in peak A were
lost during the procedure at three separate times for one
particular dog. No explanation for small peak A for old
dog #5 can be offered at present, unless some deficiency in
the blood is exhibited by this small peak.

It should be noted that peak DO5 was larger than peak CO5,
and a depression of Po' Vﬁax and_an increase in the slope
of the latency curve resulted (Figures 29, 50).

Peak DY5 was smaller than peak CY5 and peak DO6 was
larger than peak CO6. A continual depression in P0 and a
continual increase in the slope of the latency curve resulted
(Figures 30, 51).

Whole plasma was used instead of processed plasma peak
D for three muscle experiments (Figures 32, 33, 34). Plasma

Y5 caused a depression of Po’ Vha and an increase in the

x?
slope of the latency curve (Figures 32, 34, 52, 54). This is
consistent with peak DY5 (Figure 30) which also caused a
depression of Pyr Vmax and an increase in slope of the
latency curve. This suggests that some common factor in

peqk D might also be present in the whole plasma of young
dog #5. The elution pattern of the plasma from this dog

does not differ from the others with the exception that peak
E is larger than usual. However, this would not affect the

response elicited by peak D. The depression elicited by

young dog #5 may be traced to the anesthetic which was
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administered to the dog in order to obtain a sufficient amount
of blood.

According to Lundgren et al. (1976), the depression in
developed tension elicited by whole plasma from control catsr
was due to the presence of pentobarbital in the plasma.

Plasma 03 (Figure 32) depressed Po’ Vﬁ and increased

ax’
the slope of the latency curve; however, these responses
were not due to any anesthetic. Note that the response
elicited by éeak DO3 (Figure 27) was different from whole
plasma. The medical history of this l4-year o0ld Weimaraner
may be considered when explaining the depression in con-
tractility. Although there was no history of a heart
condition, there may very well have been some component in '
the blood which would cause the observed depressibn. This
component could not be of the same molecular wéight as the
éubstance which is found in peak D.

P_ and V__
. m

o ax were depressed with plasma Y4 (Figure 33)

andlpeak DY4 (Figureée 29) in a similar manner. No anesthetic
was administered td young dog #4. However, there was a
discrepancy in the effect on the slope'of the latency curve,
The slope increased with plasma Y4 (Figure 53), while the
 slope deéréased slightly from the X-H slope value with
peak.Df4.(Figure 50). There is no explanation for the
biological inconsisteﬁcy concerning the slope of the latency

curve.-
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The relationship of the plasma 02 force-velocity curve
(Figure 33) to the plasma-young force-velocity curve was very
similar to the relationship of the peak DO2 curve to the
peak D-young curves (Figures 26, 31)}.

The PO value of the muscle subjected to plasma 05
(Figure 34) was slightly larger than the PO value for plasmg
from the young dog. This is in contrast to peak DO5 which
depressed the Po value.from the value for peak D ﬁrom the
" young dog (Figure 29). The curves for peak D from a young
dog and peak DO5 were similar to the curves for whole plasma,
except for a decrease in P0 when peak D from the old deog
was used.

The probable reason why plasma 05 decreased the slope
of the latency curve from the value for the plasma-young
curve while peak DO5 increased the slope of the latency
curve from the value for the peak D-young curve is that the
large increase in slope which was caused by plasma from the
young dog was due to the presence of the anesthetic in the
whole plasma. Although both plasma 05 and peak DO5 increased
the slope of the latency curve from the Krebs-Henseleit
value, the effect of plasma 05 was not as detrimental as
the effect of the anesthetic present in plasma Y5 (Table 4).

The P, value increased when whole plasma from old dog
#5 was used, but decreased when peak DO5 was used. There

may be components of whole plasma which are beneficial and
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absent in peak D which may be responsible for the improve-
ment in Po value.

There is a possible contributing factor .for the de-
préssion of the force-velocity curves from processed plasma
peak D samples when compared with the K-H force-velocity
curvés. The activiﬁy of the column eluate (Krebs-Henseleit
minus glucose after passing through the column) was reported

to be slightly mybcardial depressant (Lefer, 1970; Lefer and

Martin, 1970b). This may account -for some of the depression'

which was observed with the peak D samples (Figures 28, 29,
30, 31).

However, the peak D samples used in Figures 25, 26, 27
improved‘muscle performance beyond ;he performance of the
muscle with K-H buffer solutien.

Another possible explanaﬁion for the depression with |
whole plasma when compared with the Krebs-Henseleit buffer _
is the lower free calcium ion céncentration in_tﬁe plasma
relative to the Krebs-Henseleit solution. Protein~bound
calcium which is nondiffusable rééresents about 30-55% of
the total serum célcium (Moore, 1971).

One point éhould be clarified in interpreting the
cpmédsite force-velocity curves (Figures 35-43), The, total
number of activated myosin cross-bridg¢5‘for'each muscle is

corrected for with P/Po. The force of all muscles is
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normalized and differences in the size of the papillary
muscle are eliminated. The force measurements along the
x-axis should then range from 0 to 1 since PO/PO for each
muscle is 1.

The points along the x-axes larger than 1 are the
pointé extrapolated by the computer which is programmed to
calculate the force where velocity is zero.

From the composite Krebs-Henseleit, peak D-young and
peak D-old force-velocity curves (Figure 40) where veloci- -
ties are the means of the velocities for the nine K-H curves,
six DY curves and six DO curves, the ovérall effect may be
demonstrated. The curves for DY and‘DO are very similar,
and the peak D-old curve has a larger Vﬁax value than that
for peak b-young or K-H curves.' A general tfend of improved
muscle performance as K-H was replaced with peak D of plasmé
from young dogs and then with peak D of plasma from old
dogs is depicted.

A different t;énd is depicted in the "composite with
whole ‘plasma from young dogs ahd.whole'plasma from old dogs
ﬁFigure 41). There was a general depression as Buffer was
replaced with plasma from young dogs and then with plasma
from old dogs. However, two points must be considered.
First, the sample size for whole plasma experiments was 3.
Second, plasma from the same young dog was used in two of

these experiments. The muscle depression which occurred
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ﬁas probably due té the presence of anesthetic in the plasma.

The difference between the plasma~young curve and the
plasma-old curve may be attributed to one muscle experiment
(Figure 32) where the difference in vmax between plasma Y5
and plasma 03 approached significance (a=0.10) (Table 9).
Thus, this composite is representative.of only three experi-
ments in whichyit is very easy for just one experiment to
shift a curve either toward or away from the K-H curve.

The composites in Figures 42 and 43 include a further
nprmalization of the papillary muscles with respect to force
and velocity per unit of cross-sectional area. The close

similarity between peak DY and peak DO, and the improvement
in muscle performance above the performance of.the mnuscle
with K-H buffer is again present,

The only difference between Figures 40 and 42 is that
in Figure 42,lit appears that peak DY was more beneficial
to the muscle than peak'QO in terms of Vﬁax per unit of
cross—-sectional area.

The efféct of normalizing the three muscles subjected to
whole plasma with respect to velocity per unit of cross- |
segtidhal area {Figure 43) was to approximate the plasma-
young and plasma=-cld curﬁeslwhich indicates a similarity
between whoié plasma from young and old dogs.

A comparison should always be made with a constant
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étandard, such as modified KreBs-Henseleit solution, because
of the components and unknown variables present in plasma.
As it was concluded in the statistical analysis seqtion of
the RESULTS, there was no significant difference between
‘plasma (processed or unprocessed) from young and old dogs.
Any significant age effect could be attributed to the first
age treatment (K-H) which differed from both the young and
old age treatments. As a pair, the young and old’age treat-

ments did not significantly differ from each other.

Cenclusions

The gquestion still remains: Is MDF present in the
plasma from aged dogs? Blood containing MDF was collected
diregtly from the pancreas via the hepatic portal vein.from
a shock dog (pancreatic vessel ischemia). The blood frém_
aged dogs was obtained via the jugqular vein. If MDF was
present in the aged animal, this peptide would not accumu-
late in concentrations which are present during shock or
the aged animal would die. However, a low-grade concentra-
tion of MDF circuiating within the aged animal is possible,
since depressed reticuloendothelial and kidney systems
are nét uncommonly found in aged animals. Two possibilities
should be considered when compéring the chromatograms from
shock plasma with plasma from aged dogs. Peak D of shock

plasma, which unquestionably contained MDF, was larger than
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peak D of élasma_from old dogs. The first hypothesis is that
MDF could not be present at the same concentration in an
aged dog as in a shock dog for survival reasons alone. Thus,
the optical density readings for this peptide, which was
found in the eiuate at peak D, could not be similar for age
and shock. The second possibility, which is only a mere
thought, is that in an aged dog with poor circulation, if
blood is not collected directlf from the source of MDF, how
certain can we be that MDF is présent in detectable and |
undiluted concentrations in the peripheral circulation at
any given time,

Basal amounts of MDF may always be present in the pancreas
of a normal animal, young or old. Relatively low MDF
activity was indicated in a chromatogram of sham-shock cat, .
pancreas, Low MDF concentrations could be present in the
normal animal and be continuously eliminated from the body.
Only when the,systems are depressed during shock does MDF
accumulate and exert its actions in a vicious positive feed-
back cycle. .

Thus, if MDF were to be detected in the plasma of an -
aged animal, the systems of the aged animal would have to
mﬁlfunction to the same degree of severe deﬁression as in phe
‘'shock state.

A major problem.ihherent in the study of aging animals
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should be realized. As a population ages, a continual selec-
tion occurs as members afe removed by death. If MDF accumu-
lates with age, but the animals die before the plasma MDF
concentration is detectable, the study of surviving aged dogs
will yield misleading results.

There is a possibility that MDF is present in the aged
animal. MDF was not present in the six aged animals selected .
for the study at a detectable concentration with the pro-
ceédures used. MDF, if present in these aged dogs, was
certainly not present at the same concentration as MDF of
shock plasma. There is a good possibility that the concen-
tration of MDF may be increased by performing a series of
lyophilizations of the initial 10-ml aliguot of peak D.
Physiological osmolarity would have to be maintained without
altering calcium and other ion concentrations. Low levels
of MDF could then be detected in the aged animal with the
bioassay. The other option would be to develop a more sensi-
tive bicassay, although significant sensitivity has been
deﬁonstrated with the papillary muscle system.

Anothef alternative to the procedure of concéntrating
MDF would entail twelve or thirteen repeated column separa-
tions of plasma from the same aged dog to yield twelve or
thirteen peak D's. These would then be pooled, lyophilized
together and reconstituted to 24 or 26 ml.

Osmolarity would have to be adjusted without altering
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the calcium ion concentration. No K-H buffer would be used
since tﬂe muscle chamber holds 25 ml, or varied proportions
of pooled peak D's and K-H could be used for the muscle
bath.

A third alternative is to further purify peak D with a
Dowex-50 ion exchange column.

Although the effects of each young dog can be explained,
the value of using different young dogs as controls might
be reevaluated. It was informative to study as many column
elution patterns from young dogs as from old dogs. However,'
with the papillary muscle bioassay, each sample from a dif-
ferent aged dog was being tested against a sample from a
different young dog. If this additional wvariable (young dbg
differences) was eliminated by repetitively using plasma
samples from the same young dog on évery papillary muscle,
only muscle differences and differences between aged dogs
would be present, rThe advantage of using samples from dif-
ferent young dogs was’to observe the effects of plasma from
young dogs compared with K-H buffer, in addition to using
the young dogs as controls for aged dogs. The disadvantage
of using one young dog for all aged dogs is that a young
dog may‘be-randomly chosen which has an unusual plasma
component which may influence the papillary musecle to respoﬁd
to plasma from all aged dogs in a particular way. The only .

way to fairly represent alpopulation is to randomly sample



242

young dogs. If plasma samples from several young dogs are
pooled, there may be interactions between different dog
plasma which might also influence the papillary muscle to
respond to plasma from all aged dogs in a certain way. It
is possible to test a concentrated test solution of peak D -
of an aged dog (poocled from 12-13 identical column separa-
tions) against a series of different young dogs whose peak D
solutions would be equally concentrated (12-13 column sepa-
rations of plasma ultrafiltrate from each young dog).
Variabilities are high in mechanical studies of isolated
muscles (Heller and Whitehorn, 1972). The biocassay technique
has limitations. The number of samples which can be assayed
at one time is limited by the wviability of the papillary
muscle utilized. The papillary muscle is extremely sensitive
to pH and osmolarity changes, and a stable system must first
be gstablished. A noteworthy consideration is that it is
Verf difficult to obtain large quantities of blood from
aged dogs which makes it difficult to replicate steps in the

procedure.



243

REFERENCES

Andrew, Warren. 1971, The anatomy of aging in man and
animals. Grune and Stratton, New York.

Blattberg, B., and M. N. Levy. '1966. Some properties of
the reticuloendothelial- depre531ng’suPStance of the
dog. Am. J. Physiol. 210:312- 314 b

Bloom, S. R., T. E. Adrian, M. G. Bryant, and J. M. Polak.
1978. Pancreatlc polypeptide: A marker for Zollinger-
Ellison Syndrome? Larncet 1 -(8074):1155, .

Brady, A. 1965. Time and displadement dependence of
cardiac contractility: Probléms in defining the active
state and force-velocityrelations. Federation Proc.
24:1410-1420. '

Brady, A. 1967. Mechanics of isolated papillary muscle,
Pages 53-64 in R. Tanz, F. Kavaler, and J. Roberts,
eds. Factors s influencing myocardial contractility.
Academic Press, New York.

Brand, E. D., and A, M. Lefer. 1966. Myocardial depressant

: factor in plasma from cats in dirreversible post-
oligemic shock. Proc. Soc. Exp. ‘Biol. Med. 122:200-
203."

Brand, E. D., R. Cowgill, and A. M. Lefer. 1969. Further
. characterization of a myocardial depressant factor
present in hemorrhaglc shock. J. Trauma 9(3):216-226,

Braunwald, E., and J. Ross. 1964. Applicability of Starllng S
law of the heart to man. Cqu. Res. 15 '169-178.

Brutsaert, D., V. Claes, and E. Sonnenbllck. 1971. Velocity
of shortening of unloaded heart muscle and the length-’«'
tenszon relation. Circ. Res, 29:63=74. :

Brutsaert, D., V. Claes, and M. Goethals. 1973. Effect. of
calcium on force-veloc1ty—length relations of heart
mascle .of the cat. Circ. Res. 32: 385-392,

David; D.,; .and s. Rogel., "1976. Mechanical and humoral
factors affecting cardiac function 'in shock. Circ..
Shock 3(1) :65-75,



244

Detweiler, D. 1973. Mechanical activity of the heart.
Pages 3-86-3-98 in J. R. Brobeck, ed. Best and Taylor's
physiological basis of medical practice. 9th ed.
The Williams and Wilkins Company, Baltimore, Maryland.

Donald, T., K. Unnoppetchara, D. Peterson, and L. Hefner.
1972. Effect of initial muscle length on
isotonic contraction of cardiac muscle.
Physiol. 223(2):262-267.

v in
amT2y,

Dougherty, J. H., and L. S. Rosenblatt. 1965. Changes in
the hemogram of the beagle with age. J. Gerontol.
20(2):131-138.

Edman, K. A. 1977. The instantaneous force-velocity rela-
tionship as an index of the contractile state in cardiac
muscle. Basic Res. Cardiol. 72:94-101.

Edman, K. A., and E. Nilsson. 1972. Relationship between-
force and velocity of shortening in rabbit papillary
muscle. Acta Physiol. Scand. 85:488-500.

Ewing, K. L., and O. E. Tauber. 1964. Hematological
changes in aging male C57BL/6 Jax mice. J. Gerontol.

19:165-167.
Falsetti, H.,, R. Mates, D. Greene, and I. Bunnell. 1972.
vﬁax as an index of contractile state in man. Circula-

tion 45:927.

Finch, C. E., and L. Hayflick. 1977. Handbook of the biology
of aging. Van Nostrand Reinhold Company, New York.

Fisher, W. D., C. S. McArdle, M. Maddern, and I. McA.
Ledingham. 1973a. A circulating myocardial depressant
factor after shock. Brit. J. Surg. 60(4):308-309.
(Abstr.) .

Fisher, W. D., D. W. Heimbach, C. S. McArdle, M. Maddern,
M. M. Hutcheson, and I. McA. Ledingham. 1973b. A
circulating depressant effect following canine
hemorrhagic shock. Brit. J. Surg. 60(5):392-394,

Floyd, J. C., 8. 8. Fajans, S. Pek, and R. E. Chance. 1977.
A newly recognized pancreatic polypeptide; plasma levels
in health and disease. Recent Progr. Horm. Res. 33:
519-570.



245

Flynn, J., and A. M. Lefer. 1977. Beneficial effects of
arachidonic acid during hemorrhagic shock in the
dog. Circ. Res. 40:422-428.

Ford, L., and R. Forman. 1974. Tetanized cardiac muscle.
Page 142 in R. Porter and D. Fitzsimons, eds. The
physiological basis of Starling's law of the heart.
Associated Scientific Publishers, New York.

Frolkis, V. V., N. V. Verzhikovskaya, and G. V. Valueva.
1973. The thyroid and age. Exp. Gerontol. 8:285-296.

Galv1n, M., J., and A, M. Lefer. 1978a. Actions of dopamine
in splanchnic artery occlusion shock Am. J. Physiol.
234(1) :H1-H6. :

Galvin, M. J., and A. M. Lefer. 1978b. Effects of cysteine -
on the pathogenesis of cardiogenic shock. Federation
. Proc. 37:369. (Abstr.) '

Glenn, T. M., and A. M. Lefer. 1970. Role of lysosomes in
the pathogene51s of splanchnic ischemia shock in cats.
Circ. Res. 27:783-797,. s

Goldfarb R. D., and P. Weber(- 1977a. The chemical nature

of a pancreatic cardlodepressant factor. Circ. Shock’
4:95-100. -

Goldfarb, R. D., and P. Weber. 1977b. Separation of
* pancreatic cardiodepressant activity into peptide and
-salt activity. Proc. Soc. Exp. Biol. Med. 156:219-
222. . - .

Goldfarb, R. D., P, Weber, and J.  E. Estes. 1978. Charac~
terization 6f circulating shock-induced cardlodepressant
substances. Federation Proc. 37(13):2724-2728.

Goll, D. E., M. H.’ Stromer, R. M. Robson. 1977. skeletal
. muscle. Page 523 in M. J. Swenson, ed. Dukes' phy31ology
of domestic animals, "9th ed. . Comstock Publishing :
A35001ates, Cornell University Press, Ithaca, New York.

Gomez, 0., and W. F. Hamilton. 1964 Functional cardiac
deterioration during development of hemorrhagic c1rcula—
tory deflclency. Circ. Res. 14:327-336. '



246

Greene, L. J., R. Shapanka, T. M. Glenn, and A. M. Lefer,
1977. 1Isolation of myocardial depressant factor from
plasma of dogs in hemorrhagic shock. Biochim. Bio-
phys. Acta 491:275-285,

Grimm, A., and B. Wohlfart. 1974. Sarcomere lengths at
the peak of the length-tension curve in living and
fixed rat papillary muscle. Acta Physiol. Scand.
92:575-577. .

Grood, E., R. Mates, and H. Falsetti. 1974. A model of
cardiac muscle dynamics. Circ. Res. 35:184-196.

Gulch, R., and R. Jacob, 1975a. Length-tension diagram
and force-velocity relations of mammalian cardiac muscle
under steady-state conditions. Pflugers Arch. 355:
331-346.

Gulch, R., and R. Jacob. 1975b. The effect of sudden
stretches on length-tension and force-velocity relations
of mammalian cardiac muscle, Pflugers Arch. 357:
335-347.

Guyton, A. C. 1976. Textbook of medical physiology. 5th
ed. W. B. Saunders Company, Philadelphia, Pennsylvania.

Haglund, U. 1873. The small intestine in hypotension and
hemorrhage. Acta Physiol. Scand. 88:3-31.

Haglund, U., and O. Lundgren. 1978. Intestinal ischemia and
shock factors. Federation Proc. 37:2729-2733.

Hakim, A. A. 1975. Effects of digitoxin on "acute burn
serum inhibitor" depressed human heart papillary muscles.
Pharm. Acta Helv. 50(6):178-184.

Harden, T. K., and R. L. Garrett. 1973. Depression of
atrial contractility by peptides isolated from normal
and shock plasma. Proc. Soc. Exp. Biol. Med. 144:
56-59.

Harman, D. 1960. The free radical theory of aging: The
effect of age on serum mercaptan levels. J. Gerontol.
15(1) :=38-40.

Harman, D. 1965. The free radical theory of aging: The
effect of age on serum copper levels. J. Gerontol.
20(2):151~153.



247

Harman, D. 1968, The freéee radical theory of aging: The
effect of frée radical reaction inhibitors on the
mortality rate of male LAF mice. J. Gerontol. 23(4):
476-482,

Harman, D., and L. Piette. 1966. The free radical theory of
aging: Free radical reactions in serum. J. Gerontol.
21(4) :560~565.

"Heller, L. J., énd W. V. Whitehorn. 1972. Age-associated
alterations in myocardial contractile properties. Am.
J. Physiol. 222(6):1613-1619.

Héembrough, F. B., A. Anderson, R. Tang, and D, D. Draper.
1978. Potential of papillary muscle from young dogs
for use in various diagnostic studies. Am. J. Vet.
Res. 39(12):1936-1942.

Johnson, E. A., E. Sonnenblick, and L. Ford. 1974. Tempera-
ture. Pages 236-237 in R, Porter and D. Fitzsimons, eds.
The- physioclogical basis of Starling's law of the heart.
Associated Scientific Publishers, New York. : )

Kababji, V. M., W. Wéstphal and E. Bauereisen. 1974.
' Témperature ‘dependénce of myocardial "length- ~tension-
relation. The effect of stretching: Recruitment or
1notroplsm. Basic Res. Cardiol. 69:47=57. (Abstr.)

_Kabat E. A. 1961. Estimation of protein with the
. biuret and ninhydrin reactions. Pages 559-563 in
E. A. Kabat and- M. M. Mayer, eds. Experiméntal immuno--
r_chemlstry. 2nd ed. Charles C. Thomas Publlsher,
Sprlngfleld Illinois.

Kohn,jR., 1971. Principles of mammalian aging. Prentice--
"Hall, Inc., Englewood Cliffs, New Jersey. -

Kosugl,.i. 1974. The myocardial depressant factor in
hemorrhagic and endotoxic shock in dogs. ' Excerpta
Medica Anesthesiol, 9.6:347-348. (Abstr.) '

 LaBel1a, F., and G, Paul. '1965. Structure of collagen from
human tendon .as 1nfluenced by age and sex. J. Gerontol.
20(1) 54-59, -

anger, G. A. 1971 The intrinsic control of myoc¢ardial
contractlon-lonlc factors. N. Engl. J. Med. 285:1065~-
1071. | ‘ ‘ ' :



248

Langer, G. A. 1977. Ionic basis of myocardial contractility.
Ann. Rev. Med. 28:13-20.

Lefer, A. M. 1970. Role of a myocardial depressant factor
in the pathogenesis of circulatory shock. Federation
Proc. 29(6):1836-1847. '

Lefer, A. M. 1973, Blood-borne humoral factors in the
pathophysiology of circulatory shock. Circ. Res. 32(2):
129-139.

Lefer, A. M., 1978. Properties of cardioinhibitory factors
produced in shock. Federation Proc. 37(13):2734-2744Q.

Lefer, A. M., and Y. Barenholz. 1972. Pancreatic hydrolases
and the formation of a myocardial depressant factor in
shock. Am. J. Physiol. 223(5):1103-11089.

Lefer, A. M., and B. Blattberg. 1968, Comparison of the
effects of two factors present in plasma of shocked
animals. J. Reticuloendothel. Soc. 5:54-60.

Lefer, A. M., and T. M. Glenn. " 1973. Editorial comments:
Controversy over myocardial depressant factor in shock.
J. Trauma 13(8):746-747.

Lefer, A, M., and T. F. Inge. 1973. Differentiation of a
myocardial depressant factor present in shock plasma
from known plasma peptides and salts. Proc. Soc. Exp.
Biol. Med. 142:429-433, :

Lefer, A. M,, and J. Martin. 1970a. Relationship of plasma
peptides to the myocardial depressant factdor in hemorrhagic
shock in cats. Circ. Res. 26(1):59-69.

Lefer, A. M., and J. Martin. 1970b. Origin of myocardial
depressant factor in shock. Am. J. Physiol. 218(5):
1423-1427.

Lefer, A. M., and M. Ogletree. 1978. Prostacyclin: A
potentially valuable agent for preserving myocardial

tissue in acute myocardial ischemia. Science 200(7):
52-54.



249

Lefer, A. M., and J. A. Spath. 1975. Pancreatic hypoper-
fusion and .the production of a myocardial depressant
factor in hemorrhagic shock. Excerpta Medica Anesthesiol.
10.2: 63. (Abstr,)

Leffler, J. N., Y. Litvin, Y. Barenholz, and A, M, Lefer.
1973. Proteolysis in formation of a myocardial .
depressant factor during shock. Am. J. Physiol. 224(4):
824-831. -

Leyton, R., H. Spotnitz, and E. Sonnenblick. 1971. Cardiac
. ultrastructure and functidn: Sarcomeres in the right .
ventricle. Am. .J. Physiol. 221¢3):902-910.

Litvin, Y., J. N. Leffler, Y Barenholz, and A, M. Lefer.
' 1973. Factors influencing. the in vitro productlon of a

myocardial depressant factor. Biochem. Med. 8:199-
212. '

Loefflér, L., III, and K. Sagawa.- 1975. A one-dimensional
viscoelastic model of cat heart muscle studied by small
length perturbations during isometric contraction. Circ.-
Res. 36:498-512.

Lovett W. L., 8. L. Wangensteen, T. M. Glenn, and A. M Lefer.
1971. Presence of a myocardisl depressant factor in
patients in c1rculatory shock Surgery 70(2):223-231:

Lundgren, 0., U, Haglund, O. Isaksson, and T. Abe., 1976.. .
Effects on myocardial contractlllty of blood=borne .
material released from the feline small lntestlne 1n
51mu1ated shock. Circ. Res. 38 (4):307-314.

- Minelli, R., C. Reggiani, R. Dlonlgl, and V. Capelli, 1975.
Cardiac muscle models for both isotonic and isometric: -
contractions. Pflugers Arch. 359: 69 80. '

Mopre, E. 1971. studies with ion exchange calcium electrodes.
Gastroenterology 60(1): 43 53. )

Munnell I F.,and R. Getty. 1968. Rate of accumulation’ of
cardlac 11pofusc1n in the aging canlne. J. Gerontol.
23 154 158, ‘

Nayler, ‘W. G. *1975. - Contraction and relaxation in tHe myo- .
cardium, Academic Press, London. '



250

Noble, M. 1974. TForce-velocity relation at different
muscle lengths. Pages 133-136 in R. Porter and D.
Fitzsimons, eds. The physiological basis of
Starling's law of the heart. Associated Scientific
Publishers, New York.

Noble, M., and W. Else. 1972. Reexamination of the appli-
cability of the Hill model of muscle to cat myocardium.
Circ. Res. 31:580-588.

Okada, K., I. Kosugi, Y. Yamaguchi. 1974. The myocardial
depressant factor in hemorrhagic or endotoxin shock in
dogs. Excerpta Medica Anesthesidl. 9.4:208. (Abstr.)

Okada, K., I. Kosugi, T. Kitagaki, Y. Yamaguchi, H. Yoshi-
kawa, and Y. Senoh. 1977. Pathophysiology of shock.
Jap. Circ. J. 41:346-360.

Okuda, M., and T. Fukui. 1974. Myocardial depressant factor

-~ a peptide: Its significance in cardiogenic shock.
Jap: Circ. J. 38:497-508.

Okuda, M., Y. Yamada, and K. Hosono. 1973. Characteriza-
tion of a myocardial depressant factor isolated from
cardiogenic shock (in Japanese). Jap. Circ. J. 37(8):
1009-1017.

Parmley, W. W., and L. Chuck. 1973. Length-dependent
changes in myocardial contractile state. Am. J.
Physiol. 224(5):1195-~1199. ‘

Parmley, W. W., D. Brutsaert, and E. Sohnenblick. 1969,
Effects of altered loading on contractile events in
isolated cat papillary muscle. Circ. Res. 24:521-532.

Parmlej, W. W., L. Chuck, and E. Sonnenblick. 1972.

Relation of Vﬁax to different models of cardiac muscle.

Circ. Res. 30:34-43.:

Riegle, G. D., and J. E. Nellor. 1966, Changes in blood
cellular and protein components during aglng. J.
Gerontol. 21:435-438.

Rogel, S., and H. Hilewitz. 1978. Cardiac impairment and
shock factors. Federation Proc. 37(13):2718-2723,



251

Sonnenblick, E. 1974 Heart function and the length-

tension curve, Page 232 in R. Porter and D. F1t251mons,{"

eds. The physiological basis of Starling's law of the
heart. Associated Scientifie Publlshers, New York.

Sonnenbllck E., and W. W. Parmley. 1967. Active state in
heart muscle. Force-velocity- length relations, and the
variable onset and duration of maximum active state. '
Pages 65-81 in R. Tanz, F. Kavaler, and J. Roberts,
eds., Factors - influencing myocardlal contractility.
Academic Press, New York.

Strehler, B. L. 1964. On the histochemistry and ultra-
' " structure’ of age pigment. -Adv. in Gerontol. Res., 1:
343~383. :

Tate, E.'L.; and G, H. Herbener. 1976. A morphometric

study of the density of mitochondrial cristae in heart:

and liver of aging mice. J. Gerontol. 31(2):129-134..

Taylor, . L., -J. Rotter, J. H. Walsh, and E. Passaro. 1978.
Is pancreatic polypeptide a marker for Zollinger-Ellison
Syndromé? Lancet 1(8069):845-848, .

Thallnger, A, R., and A. M. Lefer. 1971. Cardiac actions:
of a myocardlal depressant factor isolated from shock:
plasma. Proc. Soc. Exp. Biol. Med. 136:354- 358.

Trachte, G. J., and A. M. Lefer.. 1978. Protéctive action
of angiotensin convertlng-enzyme -inhibitor (CEI) in
hemorrhaglc shock. Federatron Proc. 37:369. (Abstr.)

VaiSrub, S. ‘l974. MYoéardial deﬁressant'factor (MDF) in
cardiogenic shock. J. Am. Med. Assoc. 228(4)°500

Wangensteen, S. L., J. D. deHoll S. F. Kiechel, J. Martln,
" and A. M. Lefer.  1970. Influence of hemod1a1y51s on a’
myocardlal depressant factor in hemorrhagic shock.
Surgery 67(6) 935-943,

Wangensteen, S. L., W. G. Ramey, W. W. Ferguson, and J. R.'

Starling. 1973a.. Plasma myocardlal depressant act1v1ty:

(shock factor) identified as salt in the cat papillary
‘muscle bicassay system. J. Trauma 13(3):181-194,



252

Wangensteen, S. L., W. G. Ramey, W. W. Ferguson, and J. R.
Starling. 1973b. Controversy over myocardial depressant
factor in shock. J. Trauma 13{(8):747-751.

. Wangensteen, S. L., R. S. Crampton, and W. W. Ferguson.
1974. Myocardial depressant factor in cardiogenic shock.
J. Am. Med. Assoc. 228(13):1638-1639.

Weber, K., and J. Janicki. 1977. Instantaneous force-
velocdity-length relations in isolated dog heart. Am.
J. Physiol. 232:H241-H2409.

Wilkinson, J. H. 1976. The principles and practice of
diagnostic enzymology. Year Book Medical Publishers,
Inc., Chicago, Illinois.

Williams, L. F., A. H. Goldberg, B. J. Polansky, and J. J.
Byrne. 1969. Myocardial effects of acute intestinal
ischemia. Surgery 66(1):138-144.

Wilson, P. 1973. Enzyme changes in aging mammals. Geron-
tologia 19:79-125.

Yamada, T., and G. W. Pettit. 1977. Modified paper chroma-
tographic method for assay of myocardial depressant
factor. Circ. Shock 4:379-386, -



253

ACKNOWLEDGMENTS

I would like to express my warmest thanks to both Dr.
Malcolm H. Crump and Dr. Frederick B. Hembrough who intro-
duced me to this field of research and instilled in me
curiosity and excitement to continue research in physiology.
Their support, guidance, and sincere interest was appreciated.

I would like to thank both Dr. Franklin A. Ahrens and
Dr. Richard L. Engen for their generosity in lending me
valuable equipment, and Dr. Robert W. Carithers who was

extremely helpful in making aged dogs available for this

study.



254

APPENDIX



Figure 60. Bio-Gel P-2 column elution pattern of processed
plasma ultrafiltrate obtained from an aged
female beagle (17 years) (05)

The peaks are designated A through F in order of
decreasing molecular weight. The column flow

rate was 11.2 ml/hr (5.6-ml fractions). Fractions
1 through 9 had optical density readings of 0.02.

Peaks Elution volume Location of peak height

(ml) (ml)
A 61.7-84.1 129
B 100,9-123.3 123.3
C 128.9-145.7 134.5
D 145.7-156.9 151.3
E 168.1-179.3 173.7
F 218.5-257.7 252..1
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Figure 61.

Bio-Gel P-2 column elution pattern of processed plasma
ultrafiltrate obtained from an aged female beagle (17 years)
(05)

The peaks are designated A through F in order of decreasing
molecular weight. The column flow rate was 11.2 ml/hr (5.6-ml
fractions). Fractions 1 through 10 had optical density
readings of 0.02.

Peaks Elution volume Location of peak height

(m1) (ml)
A 65.8-88.2 71.4
B 105.0-121.8 121.8
Cc 127.4-144.2 138.6
D 144.2-161.0 149.8
E 177.8-200.2 194.6
F 217.0-261.8 250.6
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