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Chapter 1
INTRODUCTION

Progress in the study of arterial disease has undergone considerable

evolution in the last fifty years. Advences in depth of comprehension of
biological processes among all of the basic medical sciences has preceded and
conditioned progress in the field of arteriosclerosis. Rapid strides in
anatomy, biochemistry, physioclogy and pharmacology have not only given us
better understanding of the function of normal living cells, but have also
provided both routes and vehicles by which pathological processes might be
better investigated. As a consequence of this progression it has become
increasingly evident that arteriosclerosis is meost likely the resultant of a
multiplicity of factors. These many interrelationships require in our opinion
a multidisciplinary approach which is problem rather than procedure oriented.
Development of this dissertation was conditioned by progress made by
cther investigators as well as by unanswered questions the resolution of which
it was felt is vital to the appreciation of the etiology of arteriosclerosis.
Epinephrine induced arberiopathy‘ has gained greater stature as more recent
studies have demonstrated the interrelationship of the medial and the advent~
itial layers of the arterial wall. Two divergent hypotheses have been
advanced to explain the etiology of epinephrine arteriopathy; one suggests
this condition is a consequence of hemodynamic effects, while a secend
hypothesis favors a metabolic etlioclogy. The object of this dissertation was
to determine whether the variocus drug interactions which intensify or
conversely ameliorate epinephrine arteriopathy are better explained on a
biochemical or a vasopressor basis or by an hypothesis combining both of




these factors.

Study of arteriosclerosis has evolved from early descriptive phases
defining the morphology and epidemiclogy of the lesion 49 include the most
sophisticated descriptive and quantitative methodology available. Early
investigations emphasized the occurrence of atheromatous or Mush like" lesions
in the arterial wall which presumably were responsible for the mortality
associated with this condition. Observation of lipid in the human atheroma
was followed by snitschkow's discovery (1913) that feeding a diet high in
cholesterol to the rabbit produced lesions which were similar in scme respects
to those described in humans.

Investigations which followed suggested that generation of the
atheroma represented a distinct and separate form of arterial pathology
limited in extent to the intimal or innermost layer of the arterial wall.
Thus, the term atherosclerosis was coined to more clearly define and differ-~
entiate the atheromatous lesion from other forms of arterial pathology.
Central to this line of inquiry was the tacit assumption that atherosclerosis
was primarily a comsequence of deranged lipid metabolism. The simplicity of
this concept has had comsiderable appeal.

Discreditation of the unitarian theory of atherogenesis resulted
from more precise quantitation and study of epidemiological data which has
disclosed that deranged lipid metaboliem 1is not a sine qua non of athero~
sclerosis. Ancel Keys (1963), perhaps the lsading proponent of the hyper-
lipemic theory of atherogenesis, has recently stated "In the modern era of
increasing sophistication, single cause theories of the etiology of athero-
sclerosis have given way to the general cencept of a multiplicity of

influences that promote the disesase. The total atherogenic force is viewed
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as the sua or resultant of a number of environmental faciors operating on the
bagic genetic endowment'.

Similarly, Stamler (1962), long a respected worker in this field,
has stated "Atherosclerosis is a dissase of multifactorial causation. A large
number of factors, exogenous and endogenous, interact with diet to influence
the development of the (atherosclerctic) lesion". In supporting this state-
ment Stamler states that the Framingham study in which a large series of
patients were studied in regard to a number of factors such as blood lipid
hypertension, excessive smoking, obesity etc., seems to indicate that when
two or more of the "defects" were found in any one individual the likelihood
of atherosclerotic coronary disease occurring was considerably enhanced.

Dole et al. (1963) has recently attacked the lipid theory stating
"elinicians have overemphasized the importance of plasma lipids. Changes in
the composition of blood plasma are easy to detect but are unrelisble as
measures of vascular disease or as guldes to treatment. Arteriosclsrosis
occurs without hyperlipemia and hyperlipemia without vascular lesions”.

Changes in concept of the etiology of atherosclerosis have been
accampanied by considerable modification in definition of the nature and
extent of the lesion.

Early nomenclature characterized atherosclerosis as a degenerative
candition associated with advanced age in which small pustule-like outpocket~
ings containing stainable lipid formed on the intimal or innermost layer of
arteries. In contrast, the term medial sclerosis was applied to changes
located primarily in the media or middle layer of the arterial wall, charac-
terized by degeneration of the miscularis, fatty degeneration, necrosis and

finally calcium deposition.
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More recently, the World Health Organization (1958) has defined
atherosclerosis as "a variable combination of changes in the intima of
arteries......consisting of focal accumulation of lipids, complex carbo-
hydrates, blood and blood products, fibrous tissue and calcium deposits, and
associated with medial changes".

Although many investigators have characterized arteriosclerosis as
& disease of advancing age, more recently McCill et al. (1963), Taylor (1962)
and others have indicated that this canditien has its onset in childhood.
This school of investigators has reported that the earliest lesions are
believed to be fatty streaks occurring in the intima of children and adoles-
cents. Thus according to McGill (1963), lipid deposition begins in the aorta
in the first year of life, in the coronaries in the second decade and in the
cerebral vessels in the third decade. These fatty streaks are seen grossly,
in fresh or formalin fixed arterial tissue, as yellow opaque flecks or streaks
on the intimal surface. Some of the fatty deposits become covered with a cap
of fibrous connective tissue, forming what is referred to as the fibrous
plaque. Other fatty streaks are believed to regress without formation of the
fibrous plaque. According to MeGill et al. (1963) it is the fibrous plaque
which sets the stage for the clinically msnifested form of arteriosclerosis,
as a result of hemorrhage within the plaque and thrombosis over the plaque.
Elther of these complications may reduce the size of the lumen, resulting in
angina, myocardial infarction, cerebral infarction or peripheral gangrene.
According to Taylor (1962), the arteries of adults usually contain both fatty
and fibrous plaques while in the older population fibrous lesims predominate.
Progression of the lesion is associated with widening and thickening of the

plaque and may be associated with necrosis and degeneration of the central
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region of the lesion. Further progression of the lesion includes the accumu-
lation of many small crystals of cholesterol as well as an extension of the
lesion into the media. With increasing concentration of lipids wﬁ.thin the
foam cells many of these cells disintegrate and an acellular mass of lipid and
necrotic debris forms. This latter accumulation of cholesterol and other
lipids provides the semi~-goft or mushy inclusion which characterizes the
athercma. Subsequent changes may include ulcerations of the surface of the
atheroma possibly acting as focal point for thrombus formation, or hemorrhage
may occur within the plague. Calcium salts frequently deposit within the
atherosclerotic plaque, forming flakes or plates that may be as large as 1 to
2 em. in dlameter. In some cases the arterial wall may become so severely
calcified that the vessel will shatter when sectioning is attempted. Medial
involvement is, according to Taylor, a common consequence of the progressive
development of intimal atherosclerotic lesions and is frequently found in
atherosclerotic aneurysms.

Hess (1962) has stated "it is likely that if calcific medial
degeneration could be prevented, other factors which enhance progression of
most undesirable atheroarteriosclerotic changes could be tolerated well by
most people. If calcific medial degeneration could be prevented , the chain
of reactims arising therefrom could best be minimized or interrupted by
measures for keeping the blood cholesterol level below 180 milligrams per
cent, for preventing unduly increased blood pressure and when indicated for
reducing the clctting tendency of the blood". In further exposition of these
points Hass states that, since lipids invariably accumulate in the intima of
many parts of the arterial system in older segments of the population, the
idea has arisen that some metabolic abnormality enhances the tendency for
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these substances to accumulate through either a mural mechanism, a chenge in
the composition of plasma lipids or an increase in their level. Hasas (1962)
further states that "there is little doubt that the level and composition of
the blood lipids especially cholesterol and its esters are factors in the
development of the disease, especially when the total blood cholesterol level
is long sustained at high levels. But there is no proof that cholestercl or
lipid levels, customary in man are in themselves respmnsible for the disease”.
The reasons which Hass (1962), gives to substantiate his position are as
follows: 1) there is rio consistent correspondence between the rate of
progression or severity of the disease and the level of blood cholesterol or
lipids. 2) The disease occurs eventually in almost everyone irrespective of |
the magnitude or the cduratim of these levels. 3) Patients with high
cholestercl levels of long duration may have less disease than those with
lower levels of similar duration.

Hass (1962) has attempted to resolve the discrepancies between
theoretical considerations and empirical observations by formulating a concept
which embodies the susceptibility of the arterial wall to various types of
damage. For example, all vessels do not undergo medial degeneration and the
degree of calcificatlon accompanying this damage is not consistent, while in
other cases coexistence of these two phenomena are closely related. Thus he
feels that it is necessary to characterize the susceptibility of each part of
the arterlal system to deleterious fsctors wnich may be multiple and not
necessarlly ideutical in all systems or in all people. Similarly, since
the deposition of lipid varies in both humans and animals as well as within
each species Hass feels there is reason for assuming that the "lipoidosis

potential" or susceptibility to lipid deposition of vessels from different
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individuals nay vary. A&nother facet of Hass' theory sncompasses the "mesen-
chymel reaction potentisl®. He indicates that in the ccurse of medial degen-
eration the deteriorative changes may activate mesenchyme in the media,
adjacent intima, and adventitia. The subsequent increase in collagen and
activation of immature vascular mesenchyme assists in repair of the media.
Similarly, activation of mesenchyme in the intima may occur resulting in
phagoeytosiz of the 1lipid and formation of foam cells.

Artericeclercsis in Animals

The very widespread occurrence of arteriosclerosis ir 1ts various
forme in man obviously dictates the need for model systems in leboratory
animals which simnlate the various aspects of the pathologic processes which
occur in humans. Besearch azlong these lines has taken two principal direce
tiong a) Study of naturally occurring lesions in various species of animals
and b) Induction of srteriosclerosis In various species by chemical,
physiczl, hormonel end dietary processes.

Study of naturally occcurring lesionse has been quite extensively
pursued. Specles varying from the aardvark to the wallaby have assiducusly
been dlssected and degree of artericsclerotic involvement has been correlated
with what ig knmowm of the living habits of the particular group. From these
studies recently roviewed by Lindsay and Cheikeff (1963) certain generaliza-
tiong hzve come forth. It esppears that mest species of mammals studied
exhibit neturally occurring erteriosclerotic lesions. This group includes:
Marsupials such as kangarcos, bandicoots, dasyures, wallabies; Primates such
as lemurs, macaques, baboons, chimpanzees, gorillas; Rodents such as rats,
mice, squirrels, guinea pigs; Carnivores such as dogs, wolves, foxes,

coyotes; Felidme such as domestic csts; ILegomorpha such as rabbits, hares,
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etc. Among birds naturally occurring arteriosclerosis has been found in
chickens, pigeons, ducks, geese, swans, etc.

In most species of mammals and birds arteriosclerosis seems to be
initiated by degeneration of certain components of the vascular wall, If
lipids appear during the course of the development of the arteriosclerotiec
lesions, this appearance seems to be a secondary phenomenon (ILindsay &
Chaikoff, 1963). The site of lesions varies with species studied. For
example in rats and cows the lesions involve primarily the intima. In the
dog and cat both intimal and medial involvement may occur together. According
to Fox (1933), naturally occurring lesions in the rabbit are most prominent
in the thoracic aorta where they appear as elevated intimal gramulations or
large flat plaques. Lindsay and Chaikoff (1963), are of the opinion that the
naturally occurring lesions in the rabbit are similar to lesions in the human.
Duff and Ritchie (1957) have described three types of lesions in aortas of
rabbits. One consisted of focal accumulation of polymorphonuclear leucocytes
in the intima and media, A second type involved medial degeneration, a
process related to aging, which in advanced cases had converted the aorta to
a wide calcific tube with irregular fusiform dilstations. The intima was
thickened by fibroblastic proliferation and the elastic laminae and muscularis
zone of the medla were destroyed or disorganized by varying numbers of mono-
nuclear cells that rarely contained Sudan IV staining droplets. The third was
an uncammon, naturally occurring lesion consisting of clumps of mononuclear
cells immediately under the endothelium. According to Lindsay and Chaikoff
(1963), in most species of animals, demenstrable lipid material cannot be
found in the early degenerative lesions and in early arteriosclerotic plaques.
Moreover in most species in which lipid materizl is found in fibrous intimal
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plaques, its presence is restricted mainly to larger and presumably older
mature plaques, usually in the deepest segments adjacent to or in the media.
These authors state "It must be emphasized that unlike the arteriosclerotic
lesion in man, most later arteriosclerctic plaques in animals do not usually
contain large amounts of lipid". They also state that in a number of species
of animals medial disease overshadows intimal fibrosis and thickening.
Extensive calcification of degenerating elastic tissue and the appearance of
increased amounts of mucoid ground substance suggested to Lindsay and Chaikoff
(1963), that the medial lesion may be basically similar to that of the intima.
Bragdon (1952, 195L) has reported that fatty streaks found in arterial tissue
of young children and adolescenis are also present in the young rabbit,
suggesting another similarity between the human and rabbit forms of the
arteriosclerotic process.

Experimentally induced lesions in animals have been induced by

dietary as well as chemical, physical and hormonal means. Anitschikow(1913)
produced "atherosclerosis" in the rabblit by feeding a diet supplemented by
addition of cholesterol. Among the advantages of this procedure is the fact
that lesioms are produced in a relatively short time and the ease of handling
the rabbit in the laboratory. Hartroft and Thomas (1963) indicate that the
pathology produced in the rabbit by this means differs from the lesions
produced in man in that the foam cell is the most prominent compeonent of the
lesion, the ascending aorta is more severely involved than the abdominal, and
the lesions almost never proceed to ulceration, calcification and thrembosis.
Another disadvantage of the procedure according to these authors is the
obgervation that the rabbit is by nature a strict vegetarian with a serum
cholesterol level much lower than that of man, while the levels of cholesterol
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associated with lesions in the rabbit are far in excess of those usually seen
in man., Hass et al. (1960)have reported induction of arteriosclerosis in
rabbits by feeding them excessive amounts or irradiated ergosterol. Lesions
induced were characterized by bone resorption and by abnormal deposition of
calcium salts in various tissues. Calecium appeared first in the inner media
of the aortic arch. With time the calecific deposits spread in depth and
proceeded along the abdominal asorta and its branches. The principal changes
which these investigators reported, appeared in the internal elastic membrane
and the media, while the fibroblastic intimsl proliferation reactions and
vascularized stromal resorption of the media were the principal manifesta=
tions of repair.

Tsaltas (1962) has reported induction of arteriosclerosis in the
rebbit by injection of papain. These lesions were reported to include the
development of raised white circumscribed plagues in the arch and descending
portimns of the aorta and its major branches. The lesions according to
Tsaltas usually involved the subintimal portioms of the media, but some
extended through the entire wall. Elastica was fragmented and the lesions
contgined an abundant deposition of PAS (Periodic Acid Schiff) positive
material and calcium. Cennective tissue proliferation and cartilagenous and
csseous metaplasia were also observed.

Katz and Pick (1961) have produced atherosclerosis in the chicken
by addition of cholesterol to their regular diet. These lesions reportedly
on rare cccasion may ulcerate or caleify, but according to Hartroft and
Thomas (1963), differ from human lesions in that calcification and ulceration
occurs far less often than in human lesions.
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The rat has also been employed in the study of arteriosclerotic
lesions. Wissler et al. (195L) and Fillios et al. (1956) have reported aortic
lesians following addition of cholesterol, blle salts and thiouracil to a
semi-synthetic diet. Wexler et al. (1960) produced aortic lesions in the rat
by repeated administration of large amounts of ACTH. This group has also
reported occurrence of aortic lesions in females which had been repeatedly
bred. Cholesterol supplementation and thiouracil added to the normal diet has
been reported by Steiner and Kendall (1946) to produce atherosclerosis in
dogs. Cholesterol feeding in pigeans (Lofland 1961) also results in atheroma
formation.

Epinephrine Induced Medial Arteriopathy One of the key findings in

this area was the report by Mikuleich and Oester (1950) that medial arterial
sclerosis, originally reported by Josué (1903) to follow injection of large
intravenous doses of epinephrine, could be greatly augmented in both severity
and incidence by concomitant subcutaneous administration of thyroxine. Subse=~
quent studies from this same laboratory. [Oester (1959); Friedman, Oester and
Davis (1955); Oester, Davis and Friedman (1955); and Roszkowski and Oester
(1956)] have described several drugs which appear to be of protective value
in the epinephrine-thyroxine regimen.

Friedman, Oester and Davis (1955) reported that although both
epinephrine and norepinephrine were capable of producing medial sclerosis
when administered alone or in combination with thyroxine the extent of damage
produced by epinephrine and epinephrine~thyroxine regimen produced not only a
grester incidence but also a greater severity of the lesiona. Oester, Davis
and Friedman (1955) reported that when intravenous administration of a
cholesterol suspension was added to the epinephrine~thyroxine regimen,
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intimal sclerosls associated with proliferation and foam cell formation
resulted; medlial damage on the other hand was similar to that observed when
animals were subjected to only an epinephrine-~thyroxine regimen. ‘Davis,
Oester and Friedmen (1955) reported that ATP (subcutaneous) was able to
decrease the severity and incidence of epinephrine-thyroxine induced medial
damage. More recently 0'Sullivan (1962) has reported that phentolamine
(Regitine) administered prophylactically on a subacute basis was able to
reduce both the severity and incldence of medial damage; phenoxybenzamine
(Divengyline) under similar conditions appeared relatively ineffective.
Iproniazid (Marsalid) at low doses, was found to significantly decrease the
incidence and severity of medial damage produced by injections of epinephrine
not accompanied by thyroxine administration. Higher doses of iproniazid on
the other hand appeared to intensify incidence and severity of these lesions.
Cenclusions drawn from O'Sullivan's study were that 1) the
protection afforded by iproniazid was a consequence of its hypotensive action,
2) the "well defined and clear cut" protective action of phentolamine was a
consequence of its hypotensive and adrenergic blocking action, and 3) the
rather poor protection afforded by phenoxybenzamine (Dibenzyline) was
ascribed to the lack of marked hypotensive action apart from the inhibition
of the epinephrine induced pressor effect. O0'Sullivan has ascribed the effect
of thyroxine in increasing severity of incidence and severity of epinephrine
induced medial damage to an increase in resting blood pressure as well as to
a potentiation of the pressor response following intravenous epinephrine.
Similarly, 0'Sullivan (1962) has aseribed the protective effect of ATP to the
hypotensive action of this drug and to a reduction of cardiac rate following
epinephrine. His statement "that the primary influence in the development
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of epinephrine induced sclerosid of the rabblt aorta is the increase in intra-
luminal pressure and stroke volume consequent to the administration of
epinephrine®™ supports the contention that the medial sclerotic effects of
epinephrine and drugs either augmenting or protecting against medial sclerosis
are a consequence of their cardiovascular and pressor effects.

Waters (1954) and Waters and de Suto-Nagy (1950) as well as Taylor
(1954) have also supported the contention that one of the principal factors
in production of atherosclsrosis may be the injury of the arterial wall by
hypertention or acute rises in arterial intraluminal pressure.

A relationship between medial arteriosclerosis asnd atherosclerosis
has been suggested by Constantinides et al. (1958). They found in a chance
obgervation that the aortas of some rabbits that developed accidental renal
damage while being fed a high cholesterol diet exhibited patchy medial
necrosls associated with an uwnusually severe degree of intimal atherosclerosis
Subsequently Constantinides et al. subjected rabbite to a thyrorine~
epinephrine regimen similar to that used by Oester et al. (1955). Rabbits
vere given epinephrine intravenously at a dose of 50 /Kg. for a period
of ten days. During the last five days of the treatment period thyroxine at
a dose of 1 mg./kg. was administered subcutaneocusly. After a four day period
these animals were given a 1§ cholesterol, 5% cottmseed oil diet for three
weeks and then sacrificed. On autopsy it was found that cholesterol fed
controls which had not been subjected to the epinephrine~thyroxine regimen
did not show any evidence of atherosclerosis, while the incidence of
atherosclerosis was 89% in the epinephrine~thyroxine animals. Aortic
cholesterol concentration in the epinephrine-thyroxine pretreated animals
was six times higher than in cholesterol fed controls. Microscopic
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exaninaticn of the aortae disclosed that for the most part atheromatous
plaques were found overlying areas of medial necrosis. Although the period
of cholesterol feeding was anly three weeks, the thickness of many of the
atheromas was of a magnitude observed only in animals subjected to at least an
eight week cholesterol feeding. Constantinides et al. (1960) have concluded
that prior medial injury zreatly increases the atherogenic response of the
aortic intima toward hypercholesterolemia and atheroma formation.

Constantinides and his associates emphasize that these findings are
of great signlificance since they describe a mechanlsm whereby atherosclerosis
can develop in the absence of conspicucus or prolonged blood lipid slevation.
They also help explain the pathogencsis of some lipid-poor atheromatous
plagques in humans which have been described as ’*underlaid.by foci of medial
elastic destruction.®

These findings gain & particular importance in that numerous agents
such as ACTH (adrenocorticotropic horméne), unsaturated fatty acid deficiency,
infection, etc., have been shown to produce medisl neecrosis in mermalian
arteries. Thus Constantinides and his associates view mediel injury as a
¥final comon pathway through which a multitude of stresses might sensitize
the intims to blood lipids and thus promote atherogenssis even in the presence
of only slight and transitory hypercholesterolemia.®

Workers in the field have been aware of the possibility of medial
damage contributing teo atherema formation. However, the absence of medial
damage underlying intimsl atheromas has in many instances tended to negate
such a conclusion, Constantinides et al. (1960) feel that ome explanation of
these findings may be in a greater potential for medial repair to occur as
compared with other aortic strata. Another significant factor according to
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this group is that in some of their e;p-erimmts they found that in later stage%
medial lesions can break down campletely, fusing with the overlying intimal
plaques. In this way subatheromatous calcium deposits may become "intra-
atheramatous®™. Thus a lesion which began as an uncalcified athefoma resting
on partly necrotic calcified media may end as a calcified atheroma resting on
an apparently normal media. Perhaps of importance is the observation that
some of the leslons produced by Constantinides, which were predominently
fibrous end lipidepoor, are more similar to the human atheromatous lesions
than the tightly packed plaques characteristically produced by high lipid diets
in the absence of medial injury.

Submicroscopic Aspects The use of electramiroscopy as well as

density gradient centrifuzation procedurec has contributed considerably to our
understanding of the relationship of cellular ultrastructure and function,
Slekevitz (1958) has attempted to draw together some of the information which
has been made available in recent years to formulate a "working concept” of
cellular organization which although hypothetical in some respects provides a
profile which assists in the urification of variocus isclated concepts of
cellular ultrastructure. According to Siekevitz one of the structures whose
functional relationship to the cell is not too well understood is the endo=-
plasmic reticulum which is believed to consist of a system of lumina limited
by a membrane approximately 75 R thick. These lumina take the form of canals s
vesicles and cisternae within the cell. These spaces gppear to be intere
connected and form a "continmum® which permeates the cytoplasm. of nearly all
cells. The endoplasmic reticulum fragments on homogenization forming the so

called microsomal fraction. According to Siekevitz a common finding in

electron photomicrographs is a generous concentration of pinocytotic vesicles
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with which they coalesce on contact. Thus Siekevitz views the pinoeytotic
vesicle as a possible means by which extracellular matter may be transported
to the endoplasmic reticulum.

The nucleus appears to be bounded by two concentric membranes. On
close examination the inner one of the two membranes curves back to merge with
the outer membrane at the edges of the pores which have been described in the
nucleus. The outer membrane's origin according to Siekevitz is in the endo-
plasmic reticulum. In a further exposition of these concepts he postulates
the cccurrence of enzymes such as hexokinase along the wall of the endoplasmic
reticulum,

Rhodin (1962) has indieated that rough-surfaced endocplasmic retic-
ulum 18 extremely scarce in the intestinal smooth muscle but quite abundant
in vascular muscle cells. He further states "the function of the rough
surfaced endoplasmic reticulum and the ribosomes is related to protein
synthesis within a cell. In cells with a high rate of protein synthesis these
cell constituents are quite abundant.®

Subsequent to the characterization of the mitochondria as the
prineipal site of oxidative phosphorylation gonsiderable research sffort has
been expended to elucidate the morphology of this structure and to relate
structure to function. It is generally accepted that mitochondrial particles
are bounded by two membranes, the ocuter of which forms the outer shell, while
the lmner evaginates forming protrusions into the lumen called crista,
(Lehninger 1961 a).

Leiminger (1961 b) has indicated that the enzymes of respiration
and coupled phosphorylation are more or less firmly imbedded in or on the
mitochondrial membranes, and that the cristae are the site of these engymatic
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sctivities. His group has fragmented mitochondria and found that sizing of
the particles by differential centrifugzation produces particles which appear
to be relatively constant in regard to content per milligram of protein |
nitrogen, of cytochrome oxidase, beta hydroxy tutyric dehydregenass, succine
cxidase and ATR.a2se regardless of particle size. These findings suggest to
Lehninger that the membranes are made up of large numbers of recurring
structural units each of which may contaln a complete assembly of respiratory
carriers present in s Iixed ratio. He further indicates that an individual
liver mitochendrion may contain between five and ten thousand of these
respiratory assemblies.

Althovgh a complete appreciation of the various functions of
mitochondria has not been attained, Lehninger indicastes that these particles
possess three rather conspicuous properties namely 1) catalysis of respira-
tion and energy coupling 2) occurrence of reversible swelling and contrace
tlon leading to water movements which are geared to respiration and 3) 4ion
transport also geared to the respiratory chain.

Recent evidence ascumulated in e number of laboratories suggests
that the swelling and contraction of the mitochondria msy be an expression of
respiratory modulation of these particles. This swelling snd contraction in
turn nay be a reflection of wmechano-chemical changes of the respiratory and
coupling enzymes, amalogous te the mechano-chemical activities of the
actomyosin complex.

Perhaps one of the most useful pharmacological tools available for
the study of mitochondrial function is thyroxine. It has been well knosn for
many years that thyroxine pretreatment of animals inereased respiration of
tissue slices from various organs. Hoch and Iipmsn (195)) reported that a
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consistent decrease in the P/0 ratio could be obtained in isolated liver
mitochondria following thyraxine additicn if the mitochondria were preincubated
with thyroxine prior to addition of substrate. Aebi and Abelin (1953) reported
that liver mitochondria from thyrotoxie rats exhibited an increzsed tendency
to spontaneous swelling in vitro. Subsequently Klemperer (1955) found an
increase in water content in thyroxine treated mitochondria. Tapley ot sl.
(1955) reported that thyroxine added in vitro enhances the swelling of KCl
suspended normal rat liver mitochondria.

From the preteeding discussion it is apparent that previously held
opinians regarding the cavse of arteriosclerosis are undergoing considerable
revision, In the past, rany suthorities in this field have held that athero=
sclerosic is the consequence of a single particular prediaposing factor. Hore
recently Keys (1963) and Stamler (1962) have suggested that atherosclercsis
is due to a multiplicity of causes., Atherosclerosis has been looked upon
primarily as a lesion of the intimsl layer of the arterial wall. Ais 2 conse~
quence of the studies of Hass (1960, 1562), Constantinides (1958) and others it
is bac&.’mg increasingly evident that leilons of the medial layer of arteries
nay play an importent role in the formstion of intimal lesions. Epinephrine
induced artericpathy, in the rabbit, appears to be an excellent model system
in which lesions of the media may be studied (Oester 1959). Because of the
possible relevance of epinephrine induced medial lesioms to human athero~
sclerosis it is important that the mechanism or mechanisms by which these
lesionsg are produced be more fully understood.
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Chapter Il
Statement of Problem

As a consequence of the increasing appreciation of the role of
medial dermage as a predisposing factor in arteriosclerosis, considerable
speculation has centered around factors which may precipitate or cause this
type of pathology. O'Sullivan (1962) and Lorenszen (1959, 1961 a, k' Lave
interpreted medial arteriopathy induced by epinephrine in the rabbit as a
resultant of the pressor effects of this drug. This position has been
challenged by Milch and Loxterman (196L) who have suggested that “epinephrine
induces & defect in the biochemical architecture of the arterial wall which
renders it susceptible to degenerative change."

Examination of literature in this fleld suvggested that a better
appreclation of the importance ¢f possible ctiologieal factors might be gained
in studies which simulated the experimental conditions under which medial
artericpathy is produced in the rabbit, In this regard it was felt that
central to the study of possible etiological factors was a study of thes
pressor effects of epinephrine, norepinephrine, and sclerosis antagonists in
both the normal snd thyroxine pretreasted rabbit where blood pressure was
monitored in an unanesthetized animal. Consideration of the variocus drug
interactions suggested that results of blood pressure determinations in the
unanesthetized rabbit would give some indication as to whether results
previocusly reported by other investigators might best be explained on the
bagis of pressor effects of epinephrine or whether the nature of drug intersc-
tions is such as to suggest that observed results might be explained on the
basis of a blochemical theory. In the event that pressor data did not
support either of these hypotheses a third possibility might be likely;
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namsly, that epinephrine arteriopathy is a consequence of a biochemical defect
induced in the arterial wall which exerts a permissive action on the induction
of lesions by purely hydrostatic forces.

Because of the paucity of literature data om subacute biochemical
effects of epinephrine and thyroxine in the rabbit aorta it was felt that
examination of some of the tissue constituents would provide information
pertinent to the present study. Therefore, a subsequent phase of this
investigation included study of subacute effects of epinephrine on various
parameters such as aortlc lactic acid, glycogen, glucose lactic dehydrogsnase,
in animals subjected to the two week thyroxine-epinephrins regimen described
by Oester et al. (195L, 1955).

Linitatiors of thesa bilochemical etudies suggested that experiments
in which the effects of btoth epinephrine and thyroxine ou carbohydrate metab-
olism and protein synthesis in the isclated aorta might provide more mean-
ingful information.

The very rapid growth of radicisctope methodclogy in recent years
suggzested that this discipline could be used to particular advantage to
elucidate and characterize both normal metabolism in the rabbit sorta as well
as to provide additional clarification regarding cellular effects of the
sclerogenic regimen.

In summary this problem entailed an evaluation of pressor effects
of epinephr-ine in conjunction with various sclerogenic regimens as well as
with agents reported to protect agsinst epinephrine induced sclerosis. A
second phase of this problem included a8 survey of several possible biochemical
effects which night contribute evidence supporting a biochemical basis of
epinephrine induced medial arteriopathy.
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Chapter III
Materials and Methods
Phase 1

New Zealand white rabbits, obtained from a local source, weighing
two to four kilograms were used throughout. Since previous studies by Oester
et al. (1955) failed to establish a sex dependent relationship, animals of
both sexes were used in accordance with the procedures already described
(o.cs). In all acute experiments animals were weighed previous to any exper-
imental procedure. In sub=acute experiments, during which animals were
treated for periods of fourteen days, daily record of body weight was kept and
dosage adjusted accordingly. Animals were housed in steel cages and fed a
diet of Purina Rabbit Chow. The quarters were well ventilated and room
temperature was kept at a relatively constant level throughout the experi-
mental period.

In acute experiments designed to determine effects of epinephrine
and its antagonists on blood pressure, the rabbits were weighed, anesthetized
with chloroform, and immobilized on an animal restraining board. Subsequently
an incision was made in the inguinal region and the femoral artery bared by
careful blunt dissection. A polyethylene cannula (PE 90) filled with heparin
dissolved in normal saline was inserted approximately six inches into the
vessel 80 that the open lumen was located in the midthoracic region of the
aorta. Pilot experiments disclosed that in the weight range used, this
procedure invariably placed the open end of the cannula in the mid thoracic
aorta. After insertion the external end of the cannula was plugged with a
small piece of wire and then heat-sealed to provide double protection against
leakage. The incision site was then closed with cotton sutures, the catheter
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taped to the inner aspect of the thigh, and the animal was allowed to recover
from anesthesia. Righting reflex usually reappeared within fifteen minutes.

In early experiments blockade of the cannula within 24 hours after
initial cannulation caused loss of many preparations. Since no detectabls
differences in response to epinephrine were observed in animals prepared the
previous day, as compared with animals used two hours after surgery, all
subsequent blood pressure experiments were carried out in animals approx-
imately two hours after cannulation.

Subsequent to recovery from anesthesia animals were placed on the
animal restraining board and the cannula connected to a blunted 19 gauge
needle attached to a Statham P23A pressure transducer. A Model 5 Orass
Polygraph was employed to record blood pressure. Prior to use the Grass
Polygraph was balanced and calibrated in accordance with manufacturers
operation manual.

Intravenous administration of epinephrine and norepinephrine was
accomplished by means of a constant infusion pump calibrated to deliver a
constant volume of 0.8 cc per 3 minutes. Adjustment of total dose to S0¥/Kg.
was made by varying the concentration of drug. Thus while the volume
remained constant (0.8 ml.) in all cases the epinephrine or norepinephrine was
administered at a rate of 50¥/Kg./3 minutes. ill intravenous injections were
made via the marginal ear vein. Both the rouie anu period of administration
conformed to that previously used by Oester (1955) and O'Sullivan (1962).

Preparation of Drugs Unless otherwise specified all drugs were administered

in a vehicle of sterile-non-pyrogenic saline.
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wa# prepared fram orystallise l-splaephrine base (Carnegies
Limlued, Lob #3387). Stock solution conbaised 1 mg./ml. of saline, aolubiM
oy additlen of ane mludm of concentrated HCL, reagent grade, par twenty nis.

of selatlase Sue wiiligram of soliug bisulfits per 2l, was added as sn asbie
axidante The siock solutien was stored in & freeser st 0% and thawed prior
o final 1110 dilution., In several experiments USP referance Standard
Spineparine Bitartrate wus adjusteld 4o above concentraticn. Pressor respoases|
ware identical to those elicited by the epinephrine base cbtained from
Carmogies Linited.

ihyrazine: Letoyraxine (Synthroid, Baxter Laboratories, Lot #01234) was used
waroughout. Stook solutioss were prvparved in sterile saline. Solubilimation
of thyroxine was scuocuplished by dropwise adkiition of O.4y NaOiH. The aal'uuuﬂ
025 ugse/nl, was stored in & freeser at 0°7.

Phentolaming mothanesulfate U.S.P. (Regitine® crystals, Ciba, Lot #A~3636)
were dissclved (10 mg./mle) in sterile saline immedistely before use.

Phecoxybenzanine hydrochlovide (pibenuyline”, Smith, Kline and French,

ot #11-02) was dissolved at 4 camocentration of 2 mgs./mi. in sterile saline

PricE O use.

ipreniasid (Marsilid”, orystals, Hoffman La Roche, Lot #32) vas dissolved in
sterilo saline ab & concentration of 5 mgs./ml. The pH was adjusted to
approcduately 5.0 with i HaGH just prior to use.

Adengsine Triphosphate Sodium Salt was obtained frow Nutiitioual Blocheme
icals Coarpe (Lot #64lS)e A conoentretican of 10U ugs./ml. (in sterile
distilled water) was propared immediately prior to uwe.

liorepinephrine bBitartrate (Winthwep Chemdicels Corp. Lot #N257UB)s The
powder was dissolved at a concentration of 100 moge (base)/ml. in sterile
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saline prior to use.
The injeetion protocol included control administration of epinephrinaL
or norepinephrine during a three minute period followed by a fifteen minute
period during which return toward normal was allowed to occur unless otherwise
specified. When ATP, phenoxyberzamine or phentolamine were administered
prophylactically, the subcutaneous administration of these drugs was performed
30 minutes before challenge with spinephrine, In the case of both phentol-
anine and phenoxybenzamine a fraction of the total dose was also administered
intravenously (marginal ear vein) five minutes before the epinephrine
challenge., Thyroxine pretreatment consisted of subcutaneous injection of
0.1 mg./Eg. of thyroxine daily in accordance with the procedure smployed by
0tSullivan.

The following doses of drugs employed were used: FEpinephrine,
50¥/kg. (as base); Norepinephrine, 50§/kg. (as base); Thyroxine,O.l mg./kg.;
ATP, 200 mgs./kg.; Phentolamine (Regitine), 5 mg./kg. s.c. and 5 mg./kg. 1.ve;
Phenoxybenzamine (Dibenzyline), 2 mg./kg. s.c. and 1 mg./kg. i.v.; Iproniasid,
30 mg./kg. B.cs 2} hrs. before experiment and then s.c. again 30 min. before
epinephrine challenge, five minutes prior to epinephrine challenge an
additional 15 mg./kg. was administered intravenously.

Phass 1I

Drugs employed were prepared and administered as described in
Phase I. At least eight animals were employed per group unless otherwise
stated. The following determinations on szortic tissue were performed;
1) Tissue glycogen using the method of Seifter et al. (1950).
2) Tissue lactic acid using the method of Barker and Summerson (1941).
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3) Tissue inorganic phosphorus using the method of Fiske and Subbarow (1929).
i) Glucose using the glucose cxidase method (Glucostat reagent, Worthington
Biochemicals Corp,, Freehcid, N.J.).

(Sce appendix for descriptian of details of the procedures.)

Normal unanesthetized animals received 50X/Kg. of epinephrine and
were sacrificed by separation of the cervical vertevrae at two, three, four,
five, #ix and eight hours following administration of the drug. The chest
cavity was opened and the aorta rapidly remaved. After washing and removal of
the adventitia by stripping, two samples of aortic tissue were excised and
weighed on a Mettler balance. (ne of the two samples was placed in 10% KOH
and heated in boiling water for a period of 30 minutes in preparation for the
glycogen analysis. The second piece was placed in cold TCA and homogenized.
The latter tissue supermatant was employed for phosphate and lactic acid
determinations.

Phase IIb
New Zealand rabbits as previocusly described in Phase I were given
daily treatment for a two week pericd as follows:
Group 1. Normal controls (1 cc/kg. i.v. saline).
2. Thyroxine controls, 0.1 mg./kg. s.c.
3. Epinephrine 50¥/kg. of epinephrine (expressed as base) i.v. as in
Phase 1.
4. Epinephrine 50¥/kg. (ct. Phase I) and thyroxine 0.1 mg./kg. s.c.
On termination of the two week treatment period the animals were

sacrificed as in Phase Ila and the aorta divided into three sections. The

first two were processed as described in Phase Ila while the third section
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employed for glucosz, lactic dshydrogenase and protein determinations. Lactic
dehydrogenase was determined in accordance with the procedure of Sobel et al.
(1957) deseribed in detail in the appendix. Protein was determined in accord-
ance with the procedure of Gornall (1948; see appendix). For purposes of
comparison, samples of thigh muscle were also removed and treated as described
above.
Phagse III

Rabbits were decapitated and the chest cavity rapidly opened. The
sorta was removed by rapid but careful dissection, care being taken not to
exert any significant traction as the tissue was being remcved, The aorta was
then transferred tc a petri dish containing elther Krebs-Ringer phosphate or
Krebsg-Ringer bicarbonate buffer at room tesperature. During the period of
subsequent dissection performed so as to minimize trauma, the tissue was
continuously oxygenated using either 100% oxygen or 95% oxygen = 5% co,
mixture. After the bulk of the adventitia and adherent fat was removed the
aorta was sliced using a sharp scalpel into twelve sections. The first six
successive sections of the first half were combined with corresponding
successive sections of the second portion so that each sample contained one
plece from both the high and low thoracic aorta. Pilot experiments indicated
that reproducibility from experiment to experirent was greater if room
temperature buffer was used in preference to¢ ice-cold buffer which tended to
produce erratic results, The paired sections were placed intoc a second dish
which also was oxygemated. The samples were then removed to filter paper
nmoistened with buffer and any visibly remaining bits of adventitia were
removed. The tissue was then rapidly weighed on a torsion balance and
returned to the second petri dish awsiting completion of final cleaning and
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weighing of the entire series of tissues. Identity of tissues was maintained
by using a compartmentalized tissue holder similar to those used in processing
tissues for histological fixation.

Aortic tissue pairs vere then transferred to disposable metabolism
flasks (see appondix) and gassed for a period of 10 minutes with shaking st

37°C. A mixture of 95% Oy = 5% GO9 was used in the case of Krebs-Ringer
bicarbonate buffer, while the Krebs-Ringer phosphate buffer was gassed with
1004 oxygen.

Subsequently they were recapped with serum stoppers; small plastic
beakers containing fluted filter paper wet with i N KOH were suspended from
the stopper. In all experiments radiosctive substrate was added before tissue
addition to flask. In drug experiments, drugs were also added before tissue
gassing. Concentrations used were as follows:s adenosine triphosphate 2 mg/ml
phentolamine 0,1 mg/ml and phencxybenzamine 0,03 mg/ml. After gassing was
completed epinephrine was added to appropriate sauwples. The flasks containing
tiysues were incubated for varying periods of time in & metabolic shaker at
80 strokes per minute using a 1} inch stroke. Temperature was maintained at
37%C. At conclusion of incubation period, experiments in which collection of
Cu‘l)g was desired, incubation was terminated by the addition of 0.5 ml., of
L N HyS0;. The flasks wore then shaken for an additional 30 minute period,
at low speed in an Fberbach shaker to effect complete trapping of COZ. At
the end of this period the exterior of the KOH beaker was washed with
distilled water, (washings being returned to incubation flask) and the serum cap
was then placed atop a comting vial containing 0.5 ml. of Hyamine 10 X
(Packard Instrument Co.). Once the serum cap was firmly sealed in place
Okt mls of Ly Hgﬂ SOA was added to the hanging plastic beaker to effect
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release of the CO, trapped by the KOH. The counting vial was subsequently
shaken for an additional period of twenty minutes to effect transfer of €Oy

to the Hyamine in the bottom of the vial. When the second shaking was
completed the serum cap was renoved and 10 nl. of Bray!'s solution (1940; see
appendix) added. A plastic cap was then affixed and the sample counted in a
Packard 314X liquid scintillation counter. The aortic sample remaining in the
original incubation flask was transferred to a sample vial containing 10 ml.
of a 231 chloroform-methanol mixture and shaken for a period of six hours to
remove moisture and fat. Subsequently, the chloroform-methanol mixture was
decanted and the procedure repeated with shaking for an additional 2 hours.
The asortic samples were then allowed to "dry" at room temperature for an
additional 2 hours and then weighed to detemine dried defatted weight. It
was originally hoped to determine protein via the method of Gomall; however,
the addition of acid to release CO, caused sufficicnt denaturation to make use
of this procedure for estimation of protein nitrogen not feasible, The modium
containing flasks were capped and stored at 0%. until subjected to further
analytical process.

Procedures involved in study of incorporation of uniformly labelled
lysine Gu‘ into protein were carried outin a mammer similar to that described
above, except that no sttempt was made to collect COy and incubation was
terminated by removal from medium and freezing of tissue rather than by
addition of acid.

The tissue was prepared for counting by the procedure described by
Farrese and Reddy (1963). In brief, the aortic sections were added to an ice
cold homogenizer and homogenized in 5.0 mls of ice cold saline. During the
entire period of homogenigzation the tissue grinder was kept in an ice water
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bathe The tissue debris was then removed by centrifugation and the super-
natant used for preparation of protein by adding 1 ml. of cold 20% TCA to a

1 ml. aliquot of the protein. The resultant precipitate was then washed 3
times with cold 5% TCA, extracted twice with 5¢ TCA for 15 minutes at 90°C to
remove nucleic acids, and washed again with cold TCA. Subsequently the
residue was washed twice with ethyl acetate to remove lipids. The latter
procedure appeared more desirable than the usual chloroform extraction since
it minimized flotation of protein particles. Finally, the protein residue was
dried in a counting vial, 0.5 ml. of Hyamine 10X added, and the sauple
incubated for 18«20 hours at 55°C to effect digestion of the protein., Under
thess conditions digestion of protein appeared complete and no discernable
yellowing of the Hyamine was evident. Upon crmpletion of the digestion 10 mis.
of Bray's solution was adoed to the vigl and, the sauple counted for s minimum
of ten minutes in a Packard 314X liquid scintillation counter.

In all cases sample counts were adjusted for instrument efficiency
based on counting of a sealed Cm reference standard. Background averaged
approximately 80 CPM and sample counts in each experiment were corrected for
backgroimd. Correction for quenching was performed in accordance with the
channels ratio method described by Baillie (1963) and Bush (1963). Briefly,
the method involved preparation of several triplicate samples containing
varying concentrations of Hyamine 10X a strongly quenching substance. Counts
recorded in the "A" channel were divided by counts recorded in the "B" channely
this ratid was plotted against counting efficiency corrected for instrument
efficiency. This linear plot was then used to correct samples for loss of
conts due to quenching.

Thus 811 radioisotepe data was converted from CPM (counts per
minute) to DPM (disintegrations per minute).
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Chapter IV
Repults
Systolic Blood Pressure Effects of pretreatment by various drugs on the

pressor response to epinephrine in the unanesthetized rabbit are illustrated
in Figures 1 - 9. Specific data obtained in these experiments are listed in
Tables 1 - 3. Figure 1 illustrates the pre-infusion control level of systolic
pressure and peak systolic response following epinephrine. Peak systolic
level attained following norepinephrine is denoted by horizontally hatched
bars. The peak systolic level (Fig. 1) atteined following epinephrine, was
not significantly different from that following norepinephrine, (p>0.05 ).
Similarly there was no significant difference between net increase in systolic
pressure produced by these two drugs (Fig. 2). The percentage increase in
systolic pressure (Fig. 3) following norepinephrine was smaller than that
following epinephrine (p = 0.05' ). This difference was in part a reflection
of the higher control systolic level of the norepinephrine group.

Pretreatment of rabbits for two weeks with thyroxine produced a
rise in the pre-~infusion level of systolic pressure (Fig. 1); however, both
the net and percentage increase in systolic pressure following epinephrine
vere significantly lower in magnitude than in saline treated controls
[P values 0.09 and 0,001 respectively (see Figs. 1 = 3 and Tables la and 1b)
The peak systolic level in this group following epinephrine was not signifi-
cantly different than that observed in saline controls (p)0.05 ).

Iproniasid, at a dose reported by O'Sullivan (1962) to sugment
epinephrine arteriopathy lowered the peak pressor level attained following
epinephrine administration. The net systolic pressure increase in iproniazid
pretreated animals was not significantly different from that observed in
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saline pretreated controls (Fig. 2), while the percentage increase was lower
(Fige 3).

Administration of ATP caused a decrease in control systolic pressure
to approximately 55% of that observed in saline pretreated controls (Pig. 1).
The peak systolic level following epinephrine was significantly lower than
that observed in controls; however, the net increase did not differ signifi-
c¢antly from that in controls. The percentage increase increase in systolic
pressure was significantly higher then that observed in controls and is in
part a reflection of lower control levels of systolic pressure in the ATP
pretreated animals. Administration of ATP to animals pretreated for two weeks
with thyroxine (Table 1) did decrease the control systolic pressure; however,
the peak systolic pressure level following epinephrine was almost identical %o
that observed in thyroxine pretreated controls. Both the net and percentage
inorease in systolic pressure follewing epinephrine were higher in animals
vwhich were pretreated with both ATP and thyroxine as compared with miml}a
receiving thyroxine alone (Table 1).

According to 0'Sullivan (1962) phentolamine (Regitine) is more
potent in inhibiting epinephrine arteriopathy than phenoxybenzamine
(Dibenzyline). In the present studies phentolemine pretreatment resulted in
a lower preinfusion systolic level than did pretreatment with phenoxybengzamine
(Fige 1). Similarly the pesk systolic level following epinephrine infusion
was lower in the phentolamine pretreated animals than in the phencxybenzamine
pretrested animals [p 0.05 (Table la, b)|. The net and percentage increase
in systolic pressure response to epinephrine, although higher in the
rhentolamine pretreated group was not statistically different from that
obtained in phenoxybenzamine pretreated animals.
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Diastolic Blood Pressure changes following pretreatment by various drugs and

following infusions of epinephrine and norepinephrine are silustrated in
Figs. L ~ 6. Data corresponding to these values is listed in Table 2a and b.
Friedman et al. (1955a and b) reperted that norepinephrine administered on a
subacute basis produced an incidence and severity of medial arteriopathy
gignificantly lower than that produced by epinephrine administered under
identical conditions. In the present study the peak dlastolic pressure level
(Fig. 4) was not significantly different following infusion of these two drugs
Similarly both the net and percentage increase in diastolic pressure following
infusion of these two drugs was quite similar with no statistically signifi-
cant difference being observed (Figs. 5, 6 and Tables 2a, b). Subacute
thyroxine pretreatment produced an increase in preinfusion level of diastolie
pressure and also increased the rise in diastoliec pressure following
epinephrine infusion as compered with saline pretreated controls (Fig. L).

Iproniazid at a dose reported by O'Sullivan (1962) to augment
epinephrine arteriopathy lowered the preinfusion level of the diastolic
pressure. However, neither the peak diastolic level attained after epine-
phrine infusion nor the net increase differed significantly with that observed
in saline treated controls (Figs. L, S and Tables 2a, b). The percentage
inerease in dimstolic pressure following epinephrine was higher than that
cbserved in saline controls (Fig. 6) and was significant at the 5% level
(Tebles 2a, b).

ATP pretreatment decreased the preinfusion diastolic pressure more
than pretreatment with any of the drugs studied (Fig. L). The net increase
with epinephriné was almost identical to that observed in saline controls.
The percentage increase in diastolic pressure following epinephrine exceeded
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that produced by any of the drugs studied. This observation is in part a
reflection of the rather low pre-infusion diastolic pressure level. Adminis-
tration of ATP to animals pretreated for two weeks with thyroxine signifi-
cantly decreased the pre-infusion diastolic level {p 0.001 (Tables 2a, b)] as
compared with animals pretreated with thyroxine alane. The net and percentage]
increase in diastolic pressure following epinephrine infusion did not however
significantly differ from that cbserved in the thyroxine controls (Figs. 5, 6
and Tables 2a, b).

Phentolamine decreased the pre-infusion diastolic pressure to a
greater extent than did phenaxybensamine (Fig. L). However, following
epinephrine infusion the peak diastolic response net increase as well as
percentege increase in diastolic pressure did not differ significantly between
the two groups (Tables 2a, b).

Mean Blood Pressure changes in genersl paralleled effects observed in analysi

of gystolic and diestolic pressure changes. As in the case of dlastolic and
systolic pressure the peak mean pressure and net increase in mean pressure was
not significantly different following epinephrine or norepinephrine infusions
(Figs 7 and 8). As in the case of diastolic pressure the percentage increase
in mesn blood pressure did not differ significantly when these two drugs were
compared (Fig. 9 and Tables 3a, b).

Thyroxine pretreatment increased both the pre~infusion mean blood
pressure (Fig. 7) and the peak mean blood pressure following epinephrine
infusion as cawpared with saline controls, while the net and percentage
increase in mean blood pressure following epinephrine was not significantly
different from that observed in saline controls (Figs. 8, 9 and Tables 3a, b).
This parallels results obtained in anelysis of diastolic pressure changes.
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Iproniazid pretreatment employed a total dose of 75 mg./Kg. which
approximates thet reported by Spector et al. (1960) to preduce almost totel
inhibition of monamine oxidase in the rabbit. This dose of iproeniazid reduced
pre~infusion mean blood pressure and decreesed somewhat the pesk mean pressure
following epinephrine infusion. The latter difference was not statistically
significant (Tables 3a, b). Both net and percentage increases in mean blood
pressure following epinaphrine were not sigrificantly diffsrent from values
obteined in ssline centrols.

ATP, as in the case of systolic and diastolic pressure, lowered mean
arterial btlood pressure. The rise following epinephrine infusion achieved a
peak level lower than that in saline controle; however, the net inoresse in
mean pressure was almost identlcal to thet observed in controls, while the
percentage increase wae significantly higher (Figs. 8, 9 and Tables 3a, b).

Biochemical Studies In several pilot experiments the time course of

effects of epinephrine on blood constituents such as glvcose, lactic scid and
inorganie phosphate were studied. In general, results were in accordance with|
data available on other spascies in that blood glucose and lactic acid rose in
cbmparisa: with controls. These data suggested that changes in blood constite
uvents plateaved spproximately two to three hours following intravenous epine~
phrine administration. The rabbit aorta contributes only about 1 gram to the
total body mass in a 2 kilo rabbit. Thus possible metabolic changes in aortic|
tissue would 'nat be expected to be revealed by a study of blood constituents.

Therefore tissue esnalysis of the acrta itself was undertaken. Pilot experi~-

‘mmbs were conducted in which aortic levels of glycogen, lactlic acid and phos+
phate were determined following intravenons infusion of epinephrine. Slight

decreages in aortic phosphate and lactic acid levels, reaching minima ot 2mdl1
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hours respectively were observed. These changes were not however, statisti-
cally significant. Epinephrine did cause a decrease in both aortie and
skelatal muscle glycogen (Fig. 15 and Table ). In the aorta, glycogen levels
decreased approximately LO#, as compared with controls @3 04053 (Table 4)].

In skeletal muscle obtalned fram the inner aspect of the thigh, glyeogen fell
approximately 66§ as compared with controls (p 0.001%). This depletion was
maxinal at four hours after epinephrine administration,

3ince thyroxine has a known glycogen depleting effect it was felt
that determinaticn of the effect of the sclerogenic regimen with appropriate
controls might suggest further routes of exploration. Thus four groups of
eight animals cach were treated daily for fourteen days as follouss

Group 1, Saline conirols
2. ‘Thyroxine 0.1 mg./kg. 8.c.
3. Epinephrine 50¥/kg. i.v.
4o Epinephrine 50¥/kg. i.v. # Thyroxine O.l1 mg./Kg. s.c.
The results obtained are illustrated in Figs. 10 - 1.

Subacute administration of thyraxine or epinephrine alone did not
significantly Jdecrease aortic glycogen; however when administration of beth
drugs was cambined a significantly lower level of aortiec glycogen was observed
(Fige 10). Glycogen in skeletal muscle was scnewhat higher in the thyrcxine
treated rabbits and lower in thyroxine + epinephrine treated aninsls as
compared with controls. These differences were not statistically significant
(Table 5).

Aortic glucose levels (Fig. 11) were elevated in rabbits which
received either epinephrine or epinephrine plus thyroxine (p = 0.01%).
Animals receiving thyroxine alone had aortic glucose levels not significantly




36

different from those found in saline treated controls. Although skeletsl
muscle glucose was elevated in all three experimental groups this increase was
significant enly in the group receiving epinephrine alone (Table 6).

Aortie lactic acid, in the thyroxine and epinephrine troated groups
{Fig. 12), was similar in magnitude to that found in saline controls., The
elevation in sortic lactic acid seen in the epinephrine plus thyroxine treated
group was not statistically significent (Table 7). No significant changes in
skeletal muscle lactic acid were observed in any of the experimental groups.
Similarly no significant changes in lactic denydrogenase levels were observed
either in aorta or skeletal muscle (Table 3). Acrtic phosphate was lower in
thyroxine and thyroxine plus epinephrine groups, wnile in animals receiving
epinephrine alone levels were almost idextical to those cbserved in saline
controls (Table 9).
Phase II1

At this phase of the investigaticns it was felt that use of
isotopically lebelled substrates might provide evidence of a more direct
nature as to the effects of both thyroxine and epinephrine on aortic tissue.
A number of pllot experiments were conducted in an effort to achieve satis-
factory consistency of results. Data obtained an Clb,% production and
standard error were consistent with those reported by Mulcahy and Winegrad
(1963). Kinetic studies were conducted on both normal and two week thyroxine
pretreated animals. These data are illustrated in Figs. 16 and 17. In all
radioisotope experiments counts per minute were corrected to disintegrations
per minute (DPX) by use of the chaunels ratio method and extrapolated from a

quench Curve.
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In aortic samples incubated for a peried of two hours in Krebs-
Ringer phosphate buffer (KRP) epinephrine appeared to increase 01‘*02 produce~
tion by approximately thirty percent (Figs. 18, 21 and Table 10). When either
ATP or phentolamine were added to the sortic samples containing epinephrine a
decrease in Gmﬂg below control levels was noted. When phenoxybensamine was
added however, (23"’*02 production did not differ significantly from econtrol
values.

If on the other hand aortic samples were incubated in a Krebs-Ringer
bicarbomate buffer containing 0.5:4/ml. of unlabelled glucose, a much more
significant rise in Gllo, production was noted in the epinephrine treated
sgorta (Figs. 19, 22 and Table 11). Norepinephrine under equivalent conditions
falled to produce a significant increase in cﬂtoz production (Table 13). ATP,
although antagonizing the stimulant effect of epinephrine, did not appear to
cause as great an inhibition as either phentolamine or phenoxybenszamine. When
aortic samples were incubated with glucose l—Gn‘ some increase was cobserved
over that with the label in the 6 position (Figs. 19 and 22). Epinephrine did
not however appear to cause as great an effect on clhoz production with the
label in the #1 position as compared with C-6 labelled glucose.

When aortic samples from animals pretreated s.c. with 0.1 mg./kg. of
thyroxine for two weeks, were incubated in KRB buffer as described above an
almost two fold inorease in c“‘oz production was noted (Figs. 20, 23 and
Table 12). Addition of epinephrine caused an additional two-fold increase in
01"02 production. This stimlation of 01"02 production was not blocked by ATP,
but was inhibited by both phentolamine and phenoxybenzamine the former prod-
ueing a greater inhibition. Incubation of aortic tissue from thyroxine
pretreated animals with glucose labelled in the #1 position resulted in an
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almost sixfold increase in C1l0y production as compared with only about a two
fold increase observed in normal animals (Figs. 20, 23), Addition of epine~-
phrine to aortic samples from thyroid snimals incubated with glucose 1-cl
evoked little increase in c“‘oz production (Figs. 20 and 23). Neither ATP nor
phencaxybenzanine appeared to significantly affect 01)‘02 production from glucose
1< while some inhibition was noted in samples treated with phentolamine.

Thus in all three series of experiments epinephrine produced a
significant increase in Gn‘oa production when compared with control samples
also incubated with glucose 6-C3L, Both phentolamine and phenoxybenzamine
were found ‘to inhibit c“‘oz production, phentolamine being the more active of
the two drugs in this respect. ATP appeared to effect some inhibition of the
stimlant effect of epinephrine in the Krebs«Ringer phosphate (KRP) and Krebs~
Ringer bicarbonate (KRB) buffers but only weakly so in the KHB + glucose
series. When ATP was sdded to aortic samples from Thyroxine pretreated
animals little or no effect was noted.

Incubstion of sortic tissue with lysine U.L. ¥ resulted in
incorporation of this amino acid into protein. Epinephrine inhibited this
incorporation (Figs. 2L, 25). For example at one hour the rate of incorpora-
tion of labelled lysine into protein in tissue treated with epinephrine was
only about a third of that observed in untreated controls (Fig. 2 and
Table 1L). Aortic tissue from animals pretreated with thyroxine for two weeks
exhibited an incorporation rate less than forty percent of that observed in
normal contrels. As in the case of the normal animals, thyroid pretreated
aortas sppeared sensitive to the imhibitory effect of epinephrine on lysine
incorporation into protein, ATP appeared to antagonize this inhibition,
bringing the incerporation rate up to almost the control level in the thyrold
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pretreated group. Nelther phentolamine nor phenoxybenzamine appeared to
sffect any significant reversal of epinephrine inhibition of lysine
incorporation into protein (Fig. 25 and Tabls 1L).
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Acute Effects of Epinephrine (E) or Norepinephrine (ME) on Systolic Blood
Pressure in the Unanesthetized Rabbit Following Pretreatment by Verious Drugs.

SYSTOLIC B.P.

Control &\\

After Epi. 50¥/Kg. .
After NE  50¥/Xg. i \
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The following doses were employed: (E) epinephrine 50 /kg.3 (ME) norepine-
phrive 50 /kg.; (T) thyroxine 0.1 mg./kg./1h days s.c.; (I) iproniasid Iomg ks
s.c. 2k hrs. before and sgain 30 minutes before epinephrine followed by

15 mg./kg, 1i.ve; (ATP) adenocsine triphosphate 200 mg./kg. s.c.; (R)

tolamine Regitine 5 ng./kg. 8.c. and 5 mg./kg.i.v.; (D) phenoxybenzamine

Dihenzyiine) 2 mg./kg. 1.v. and 1 mg./kg. 1i.v. All subcutanecus (s.c.)
injections were administered 30 minutes prior to epinephrine challenge unless
othervise stated. All intravenous (i.v.g drug pretreatment vas administered
5 mimutes before epinephrine challenge. Eight animals used per group except
porepinephrine group consisted of seven animals and thyroxine group consisted
of nine animals. "Control" refers to systolic blood pressure subsequent to
drug pretreatment but prior to E or RE.
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Acute Effects of Epinephrine (E) or Norepinephrine (NE) on Disstolic Blood
Pressure in the Unanesthetized Rabbit Following Pretreatment by Various Drugs.

DIASTOLIC R.P. \
Control
After Epi. bUY/Kg_

After NE Su¥/¥Kg.=
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-

NE ATP=E  Ren | -
Fire NET [NCR, TN DIAST. B.b.
8 After Eni. _-_
2 After NE =
()
35
= B -
=3 =
2 =
1 =
= B =
n<E B - T P R B
‘ 129 % INCR. TN N7as®. B.p,
T'l). .
After Tpi. !
l After T =
» n

C=E NE T I ATP ‘

The following doses were employed: (E) epinephrine 50 /kg.: (NE) norepine-
phrine 50 /kg.; (T) thyroxine 0.1 mg./kg./l4 days s. c.; (I) iproniazid

30 mg./kg. s.c. 24 hrs. befoxe and again 30 minutes before epinephrine
followed by 15mg./kg. i.v.; (ATP) adenosine triphosphate 200 mg./kg. s.c.;
(R) phentolamine (Regitine) 5 mg./kg. s.c. and S mg./kg. 1.v.; (D) phenoxy-
benzamine (Dibenzyline) 2 mg./kg. i.v. and 1 mg./kg. i.v. All Subcutaneous
(s.c.) injections were administered 30 minutes prior to epinephrine challenge
unless otherwise stated. All intravenous (i.v. drug pretreatment was
administered 5 minutes before epinephrine challenge. Eight animals used

per group except norepinephrine group consisted of seven animals and thyroxine
group consisted of nine animals. "Control" refers to diastolic blood
pressure following drug pretreatment but prior to E or NE infusion.
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Acute Effects of Epinephrine (E) or Norepinephrine (NE) on Mean Blood pressure
in the Unanesthetized Rabbit Following Pretreatment by Various Drugs.

MEAN B.P.
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The following doses vere employed: }n) inephrine 50 .3 (ME) norepineph-
rine 50 /kg.; (T) thyroxine 0.1 mg. kg.zh days 8.0.; (I);proniazid 30 mg./ke
8.c. 24 hrs. before and again 30 minutes before epi followed by
15 mg./kg.1.v.3 }.m) adenceine triphosphate 200 mg./kg.s.c.; (R) phentolaming
(Regitine) 5 mg./kg.8.c. eand 5 mg./kg.1.v.; (D) phenoxybenzamine (Dibenzyline)
2 mg./kg. 1.v. and 1 mg./kg.1i.v. All subcutaneous (s.c.) injections vere
administered 30 mimutes prior to epinephrine challenge unless othervise
stated. All intravenous (i.v.) drug pretreatment was sdministered 5 minutes
before epinephrine challenge. Eight animals used per group except
norepinephrine group consisted of seven animalsjthyroxine group consisted of
nine animala, "Control” refers 1o msan blood pressure subsequent to drug

pretreatment but prior to E or XE.
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Effects of Subacute Administration of Thyroxine (T) and Epinephrine (E) on
Various Tissue Constituents in the Rabbit.
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Animals were treated as follows: (C) controls 1 ml./kg. saline i.v.; (EC)

epinephrine 50 /kg. 1.v.; (TC) thyroxine 0.1 mg./kg. s.c.; (BE+T) epinephrine
and thyroxine as above. Period of drug administration vas 2 weeks.
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Effects of Subacute Administratiom of Thyroxine (T) and Epinephrine (E) on
Various Tissue Consiituents in the Rabbit,

AOR'!Ic
Units per 100 mg. Wet Wts

\\\L&

AORTIC PHOSPHATE
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Animals were treated as follows: (C) controls 1 ml./kg. saline 1.v.p (EC)

ep:!ncphrino 50%/kge 1eve; (7C) thyroxine O.l mg./kg. 8.6.3 (E + T) epinephrine
and thyroxine as above. Period of drug administration was 2 weeks,.
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Acute Effects of Epinephrine on Aorta Glycogan

AGUTE EFFECT OR EPI
gop Fige 15 ON AORTIC GLYCQOGEN

6 8
lill':c'l. iftor 507/%3. Bpi.

Rabbits were fasted 2k hrs. prior to administration of 50 /kg. epinephrine
intravenously.
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%ffect of Incubstion Time on In Vitro o, Production Frem Glucose-6=Clt
by Rabbit Aorta
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Incubation medium consisted of KRP - Krebs-Ringer Phosphats Buifer. Each
tissue sauple was incubated with 0.5 microcuries of glucose-6-C-4. Samples
were shaken in a metabolic shaker at 80 strokes/minute. Temperature 37°C.
Incubation of aortic samples was stopped at 1, 2 and 3 hours by addition of
N sulfurie meid. Thyroxine pretreated animals received 0.1 mg./kge of this
drug subcutaneously for 1l days. (Epi) epinephrine 0.5¥/ml. of medium added
at beginning of incubation.
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In Vitro Incubation of Rabbit Aorta
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Incubation medium consisted of KRP - Erebs-Ringer Phosphate or KKB - Krebs-
Ringer Bicarbonate buffers. Drug concentrations used: (E) epinephrine
0.5 /ml.; (ATP) sdenceine triphospbate 2 mg./ml.; (R) phentolamine
(Regitine) 0.1 ug./c'ﬁ.j (D) phenoxybenzamine (Dibenzyline) 0.03 ml./ml.;
0.5 microcurie of labelled gl 8 was added to each tissue sample.
Incubation time was 2 hours at «» 80 strokes per minute. Thyroxine
pretreatment 0.1 mg./kg. subcutaneously for 14 days.




~
ly“
¢

In vitro Incubation of Rabbit Aorta
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Incubation medium consisted of KRP - Krebs-Ringer Phosphate or KRB - Krebsw
Ringer Bicarbonate buffers. Drug concentrations used: (E) epinephrine 0.54)‘/:]11
(ATP) adenosine triphosphate 2 mg./ml.; (R) phentolamine [Regitine] g2 nge/
(D) phenoxybenzamine [Dibenzyline) 0.03 ml./ml.; 0.5 microcurie of C

laballed glucese was added to each tissue sample. Incubation {ime was 2 hours
ab 374, 80 strokes per minute, Thyroxine pretreastment 0.1 mg./kg.
subcutansously for 1 days.
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In Vitro Incorporation of Uniformly Labelled (u.l.) Lysine Cl b into Protein
by Aortic Tissue.
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Incubation medium consisted of KRB - Krebs-Ringer Bicarbonate buffer. Each
tiseue sample was incubated with 0.5 microcurie of u.l. lysine » Drug
concentrations used: (E) epinephrine 0.5 /ml.; (ATP) adenosine triphosphate
2 mg./ml.; (R) phentolamine (Regitine) 0.1 mg./ml.; (D) phenoxybenzamine
(Dibenzyline) 0.03 mg./ml.; Incubation time was 2 hours at 37°C., 80 strokes

per minute. Thyroxine pretreatment 0.1 mg./kg. subcutaneously for 1% days.




Table la
Effect of Intravenocus Infusion ef Epinephrine (EPI) or Norepinephrine (NE) Following

Pmmz by Yaricus Urugs on Systdie Blood Pressure in the Unanesthetized Rabbit

Group| Pretrestaent . ¥o. of

RN S i e S e e e e

: o e
| Control Level | Pressor | Pressor . Net Incroase | % Increase
| Exple | el . Drug Respance | mn.Hg.
N ;i o m.ﬁg- &
g 112 | 62.5 |

i

Saline Bpi 57
1 8l/Kg s.c. 56 X/Kge 18,72 | 5,68 W
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HE - 60 13
S0¥fige | k6 | b 1 36
Thyroxine® 9 1 191 LS
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e ot s A o e T Rl s
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5 ATP 200 g&g('tﬁo) 8
1 0ol mgfKg (ss0s) |
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7 | Phentolamine(Regitine) 8 6
5 Awﬁs fq.z..»s ng/ig is¥e 2;12

DU—
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72 16 27
UBa | w8l B3
75 B o 38 13 17
£3.53  501fxg I k6.5 £2.16 14.13

¥

R,

T

Bpi

| 508/%ge_
! Ph = i 8
. (Dibenzyline) ;
# Thyroxine sas administered daily for 2 period of 2 weeks prior to experiments.
All other subcutaneous (s.c.) aduinistrations were made 30 minutes prior to epinephrine administration.
Iproniasid (s.c.) was in sddition administered 2 hrs. prior to group #6 experiments.
Intravenous (1.V.) drug pretreatment was administered 5 minutes prior to epirephrine infusions.
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Statistical Analysls of Systolic Blood Pressure
Changes in Table la
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Table 2a

Effect of Intravencus Infusion of Fpinephrine {EPI) or Norcpincphrine (NE) Follawirg
Pretreatment by ?aﬁ.oua Trugs on Dim::sﬁc Bloed Preaatm in the vrmastheﬁsed Rabbit
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A1l other subcutaneous (s.c.) adninistrations were made 30 minutes prior to epinephrine administration.
Iproniasid (s.c.) wes in sddition adninistercd 2l hrs. prior to group #6 experiments.
Intravencus {1.¥.) drug pretreatment was administered 5 minutes prior to epinephrine infusions.
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Statistical Analysis of Diastolic Blood Pressure

Changes in Table 2a

7vs 8

vt s bt - o0 BV, S

Group Pressor Level Net Increase % Increase

1vs 2 K.S. N.S. N.S.

1ve 3 0,01 0.05 HeSe

lvse k 0.01 HeSs <0.001

lve 6 N, ~N.s. 0.05

lves 7 (0,001 | 0.01 R

lve 8 <0,001 0.01 0.05

3vs s {o.001 N.5. O Nese
HeSe N.S. N.S.

N.S. = Not Significent - probability level greater than 0.05 (5%).




Table 3a

Effect of Intravenous Infusion of Epinephrine (EPI) or Norepinephrine (NE) Following
Pretreatment by Variocus Drugs on Mean Blood Pressure in the Unanesthetized Rabbit

Group | Pretreatment No. of | Control Level | Pressor | Pressor | Net Increase | ¥ Increase
Exps. nm.Hg. Drug Respnse mmHg.
mm.Hg.
1 Salin 8 1 13
1 ml/gg SeCe gs.s Sgpxkan ilgog &-6 22.57
2 | Salin 9 99 NE 7 18
1l ml/ekg SeCoe :2Q115 SOX/KE- thc% 32071‘ go&B
3 | Thyroxine” 9 127 Epi 171 52 h7
0.1 M/Kg (Saco) !.'3013 503/!(3- zlc? t3073 z1‘06?
L ATP 8 Lo Epi 8s LS 109
200 mg/Kg (s.c.) 1.22 50%¥/Kg. 5428 ) 1.7
ATP 200 mg‘kg «Ce 8 62
> +Thyraxine (a.c.) 123.89 5%'}58- 1%.0 g.% £18.0
0.1 % (B-c.)
6 | Iproniazid 7 76 Epl 116 L2 56
30 mg/Kg (s.c.) .1 50¥/Kg. | *11.5 5.l 9.3
7 Phentolamine (Regitine) 8 51 Bpi 65 13 26
5 M/Kg (ﬂocc)"'s ﬂg/xg 17 t‘lc97 508/!3. tBQw 32.113 z308
8 Phenoxybenzamine 8 61 Epi 68 10 16
(Dibengyline) 2.5 50 /Kg. 5,2 $1.98 2,94
2 mg/Kg (s.c. )+l mg/Kg i.¥. ~

# Thyrexine was administered dally for a period of 2 weeks prior to experiments.

All other subcutaneous (s.c.) administrations were made 30 minutes prior to epinephrine administration.
Iproniazid (s.c.) was in addition administered 2} hrs. prior to group #6 experiments.

Intravenous (I.¥.) drug pretreatment was administered S minutes prior to epinephrine infusions.




Shetisticeld Avalysis of llean Dlood Uressure
Changes in Teblse 3a

Growp | Pressor level Iiet Inerease | ¢ Inoresse
B g ..

1ve?2 | R H.8. -‘ X.3.

lve3 , 00 ¥.8. ¥.S.

lvs h 0,01 | X.8.

1ve6 @ N4 ' w8, w.8.

lve?7 | (0,001 0000 | 0.0

1ve8 | (0.001 (0001 | (o000

3ves 008 L T s

Tves | X.8, P s, " nas.

N.B. = Not Sigificant ~ probebility level greater than 0,05 (5%).
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Table 4

Levels of Glycogen 4n Aorta and Skeletal Muscle Followlng

Acute I.V. Evinephrine (50Y/%g.) in 2l hr. fasted Rabbits.

n Aorta Skeletal Muscle™
1. Saline Controls 9 | 6T £ 8.6 mgs. £ 122 ¥ 18,1 mgs. ¥
2, 2 hrs. sfier Epinephrine 8 13,9 83 2 21,3 »
3. } hrs. after Epinephrine | 8§ LOL 3.6 ® Mt 7.1 »
L. 8 hrs. after Epinephrire | 8 | 59 £ 6,6 * 71£18.8 ¢
P Values Aorta Skeletal Muscle
1 ve ? N.5,. HeSe
lvs 3 0.05 001
lwvs bk ¥.8. 0Of

# Source of skeletal muscle was inner sapect of the thigh.

N.S. = Yot Significant or a p value ) 0.05(5%).
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Table ©

Bffect of Subacute (2 wk.) Administration
of Epinephrine and Fpinephrine + Thyroxine
on Tissue Jevels of Glycogen in the Rabbit

n Aorta Skeletal Muscle™

1. Saline Contrels (I.V.) 1 cc/Xg. 10he & 11,2 ngs.%| 182, £ 47.8 mgo.$

2. Thyroxine ('oﬂo) 0.1 mg/!g. 84. £ 1306 " 253, % 20.9 "

8
8

3. Epinephrine (I.V.) 50¥/Xg. 8 |108. £ 1% * 172, £3L3 "
8

lse hrire (I.V.) 50¥/Xg. 89. £ L5356 138, £ 23,8
?ﬁmg (s.o.g 0.{/rngg/xg.

P Valuee Aorta Skeletal Muscle
1vs?2 H.8, NeSe
lve 3 N8 Hela
1vs i 01 VoS

# Source of skasletal muscle was inmer aspect of thigh.
I.V. = intravenous
8.C. = subcubaneous

N.S. = Not Simificant or p value ) 0.05(5%).
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Effect of Subacute ( 2 wiw,) Administration of
Epinephrire and Epinephrine + Thyroxine on Tissue

Table 6

Glocore in the Rabbit

| Skeletel Muscle

n Aorta
1. Saline Controls (i.v.) 1 ec/Kg.| 8 | 41T 3.31 mgaef | 9748 & 17.5 mgm
2, Thyroxine (s.c.) 0.1 ng/Xc. 8 | S5.9%6,9 " 1136 20,9 *
3+ Fpinephrine (1.v.) 501/Kg. 8 | 97,0%10.6 * 156, %181 *
Le Tpinephrine (i.v.) 50f/Xg. 8 us. = 9.52 @

| 70,12 7,87 v |
+ Thyrexine 0,1 mg./Ko. (8ece) . ¢ b

e e RS S AR 74 35

P Values Aorta Skeletal Musele
1w 2 a8, HeBs
1lvs 3 +01 aOS
lvs) #01 | NS,

1:.v¢ ¢ iIntravencus

8.Ce # pubcutaonpovs

NeSe » Not Significant or p value » 0,05 (5%).
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Effect of Subacute (2 wk.) Administration of
Ipineptrine ané Tpinephrine + Thyroxire on
Tissue Lactic Acid in the Dabblb

nl Aorte

1. Saline Controls (1.ve) 1 co/Kg.

Skeletal Yuscle

I

53.8 L ]9.-)4 ngs.& ’ i3k, t‘ 25.1 mge.$

2. Thyroxine (3»36) Oal ug/Xg.

i

: 59.2 t ?:38 o 38&3 t 28:& "

3, Epinephrine (i.v.) 50 /Kg. ?

oudi 2 22.5 * | LoB. L33.5

(=T B+ R O« - B « ]

Le Epinephrine {i.v.g 50 /Xg.

k ﬂ‘-‘? : 309 " 37?# : 25-2 n

+ Thyroxine (g.cs) Osl mg/K_g. o
P Values Aorta Skeletal Muscla
1 vE 2 HaSe %QSQ
lwvs 3 HeSs KeSe
1ve h - KeB. H.E.

1eve = intravenous
GeCe = sthoutsneous
¥.8, = Yot Significant or p valne . 005 (5%)
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Table 80

Effect of Subacute (2 wke) Administration of Epinephrine

and Epinephrine + Thyroxine cr Aortic IDE (Lactic

Dehydrogenase) levels in the Rabbit

n Units/100 mg. Wet Wt.| Units/mg. Protein
1. Saline Contrels (I.v.) | 8 Tohls £ 0,880 1.6 £ 0,178
1 ee/Ke.
2 gh ] (303.) 8 5&23 ¥ 0.57h 0¢989: 0.126
3. Inephyrine (in“&h) 8 6,80 & 0,703 1.29 : +02L6
0%/xz.
Le Epinephrine (i.v.) 8 6.80 £ 0.0211 1.39 £ 0,119
50 /Kg.
+ o (8.ce)
0.1 mg/Xe.
P Valoes
lva 2 H8, NaSe
1 vs 3 NnSQ HeSa
1 vs k He3. HeBe

1a.ve = Inbravenous
8.0+ = gubcutaneous

N.S5, = Not Significant or p value } 0.05 (5%).
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Table 9

Effact of Subacute (2 wk.) Adainistratiom of Epineparine

and Spinephrine + Thyroxine en aortic Phosphate Levels

in the Rabbit

n
1. Saline Controls (i‘v.) 1 W/Kﬂ; 8 n&.6 z 0187/«*3‘/100 BES.
2. Thyroxine Controls (s.cs) O.1 mg/Kg.| 8 10,74+ 1.52 "
3. Epinephrine (1.v.) 50)/Xg. 8 | watil »
Le Epinepnrine (i.v.) 50¥/Kg. 8 10,9 £ 0.76 n

& Ty oxine is'c.} o.l%xg. 7% 01

P Values
lve 2 0s'5
lve3 HeSo
lvs ly 01

1.ve = intravenous
5.0e * subcubtaneous

N.S+ ® Not Significant or p value > 0,05 (5%).




Tabls 10
In Vitro C140, Production by Aortic Tissue
From Glucose=6~Cl4 Krebs-Ringer Phosphate Buffer
| n ng Wet Wt. D! ng Dry Wee
x per hr. x per hr.
1. Controls 1 20.28 £ 2,13 77.906 £ 8.2
2. Epinephrine 1L 28.1 % 3.1 109.70 % 11.6
3. FEpinephrine + ATP 8 12.28 & 1.} 55.85 I 3.87
L. Epinephrine + Phentolamine 8 11.79 * 1.32 3.9 t 7.2
5. Epinephrine + Phenoxybenzamine 8 18.21 £ 2.81 80.94 % 13.6
Table of P Values Wet Wt. Basils Dry Wt. Basis
Group P Value P Value
lvs 2 005 QGS
lve 3 ¢ 001 ¢+001
2 ve S a05 KQSC
2vs3 L1 .05
lwn h 01 005
1lvs 5 N.S. HeBe
Lhvss RS+ K.S,
3ve s ¥.S. ~ H.S.
The following drug concentrations were employed in the incubation medium Epinephrine 0.50/ml, ATP 2 mg/mly
phentolamine 0,1 mg/ml, and phenoxybenzamine 0.03 mg/ml.
N.S. denotes Not Significant or a "p" level greater than 5%. (0,0%)




Table 11
In Vitro Clio, Productim by Acrtic Tissue

From Glucose-6-C1l Krebs-Ringer Bicarbanate Buffer O.5,M/ul of
Glucose Added
n DPY ng Wet Wt. D ng Dry Wt.
x per hr. x per hr.
1. Centrols 8 2.746 % 0.340 11.62 * 1,710
2. Epinephrine 8 11.90 % 1.2 46.77 £ 6.5
3. Epinephrine + ATP 8 Le730 £ 0.508 18.52 % 1.65
L. Epinephrine + Phentolamine 8 1.072 ¥ 0.174 4.268% 0.64
S. Epinephrine + Phenaxybenzamine 8 2.502 & 0,217 9.397% 0,924
P values Wet Wt. Basis Dry Wt. Basis
P value P value
lvs2 {+001 lvs2 ¢ +001
2ve3 (.00 2vs3 {+001
2wval (.00 2ve l §.001
2ve 5 (001 2vs 5 .001
Lved5 <¢.001 Lkvss <.001
lvel (¢.001 lvs ly <0,01
1lvse 5 H.S8. 1lvse s N.8.

The following drug concentrations were employed in the incubation medium Epinephrine 0.54/ml, ATP 2 mg/ml,]
phentolamine 0.1 mg/ml, and phenoxybenzamine 0.03 mg/ml. ‘

N.S. denotes Not Significant or a "p" level greater than 5%. (0,05)




Tabls 32

In Vitro co, Production by Acrtic Tissue
(2 wk. Thyroxine Pretreated Animals)

Glucose~6=C1lt Krebs-Ringer Bicarbonate Buffer
0.544/nl of Glucose added
n 3) ng Wet Wt. DPM/100 mg Dry Wt.
x per hr. x 103 per hr.
1. Controls 8 6.072 £ 0,614 22,85 * 2.3}
2. FEpinephrine 8 .38 %109 L1.71 & h62
3. Epinephrine + ATP 8 12.39 & 1.1 Lh6.70 ¢ 5,61
L. Epinephrine + Phentolsmine 8 3.203 £ 0.3L5 12.19 £ 1.30
S5« Epinephrine + Phenoxybengamine 8 6,091 £ 0,515 24434 ® 2,11
Table of P values Wet Wt. Basis Dry Wt. Bas
lvs 2 ' 0.01 0.01
2 vs 3 H.S. R.3.
2vs L <0.001 40,001
2vs S 0.01 0.01
lve s N.S. N.S.
Lvses <0.001 < 0.001

The following drug concentrations were employed in the incubation medium Epinephrine 0.57/ml, ATP 2 mg/ml,}
phentolamine 0.1 mg/ml and phencoybenzamine 0.03 mng/ml. '
Thyroxine O.1 mg/Kg was administered subcutaneocusly each day for two weeks.

N.S. denotes Not Significant or a "p" level greater than 5%. (0.08)
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Table 13
In Vitro CHi0, Production bty Aortic Tissus
From Glucose-6-=Cilt Krebs-Ringer Bicarbonate Buffer
Krebs-Ringer Bicarbanate Buffer +0e5uM/ml.
| 1 n owwt‘{?et Wt. | DPM/100 mg Dry Wt.
1, C (KrB) 6 11.89 ¢ 1.73 31.51 & L.86
2. Epi + (KRB) 6 12,17 £ 2.33 34.65 £ 5.90
3.. Epi + ATP (KRB) 6 9.26 £ 0,86 23.146 % 0.63
II
Le C (KEB)* 6 2.84 £ 0.61 8.133¢ 1.0l
5. ATP (KRB)# 6 3.67 % 0.26 13,36 & 1,53
6. Phentolamine (KRB)# 6 148 £ 0.17 4.031% 0.58
7. Phenuxybenzamine (KRB)# 6 2.49 £ 0.13 6.860% 1,19
8. Norepinephrine 6 3.47 £ 0.51 12,86 & 2.3
P Values Wet Wi. Basis Dry Wt. Basis
Group p Value p Value
lvs 2 N.8. N.Se
1vs 3 N.S. N.S.
2vs3 N.S. N.S.
hvs S N.S. NeSs
kvsé N.S.(0.1) 0.05
Lhve? N.S. N.S.
Lve 8 N.S. N.Se

The followin dr}g concentrations were employed in the incubation medium
Epinephrine 0.5)/ml, ATP 2 mg/ml, Phentolamine O.1 mg/ml and Phenoxybengamine

0,03 mg/ml, Norepinephrine 0.5)/ml.
N.S. denotes Not Significant or a "p" level greater than 5%. (0.05)
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Table 1

In Vitro Cu‘()z Production bty Aortic Tissue

i seosealc Lt Krebs-Ringer Bicarbonate Buffer
Prow Glucosg«l«C + 054 H Glucose /al.

Group n npg/igg ng Wet Wt.l D mg Dry Wt.
per hr. x par hr.
1. Gontrols # 8 | 25.6 % 3.25 9Ll £ 11.5
2. Epinephrine # 8 | 27.4 L 3.76 100.8 ¥ 11.3
3. Epinephrine + ATP # 8 | 23.0% 2.2 86.9 L 8.6
L. Epinephrine + Phentolamine # 8 | 18.0 % 2.73 6641 ¥ 10.5
5, Epinephrine + Phenoxybensamine #| 8 | ZL.h = 2.88 9ke75% 13.0
6. Control 6 5¢97L 0.677 25,62% L.07
7. Epinephrine 6 T.7h% 1.23 30.8 & L4.90
P Values Wet Wt. Basis Dry Wt. Basis
l1vs 2 N.S8. N.S.
lvs 3 ¥.8. N.S.
lwvsh N.S. | N.8.
lvs S N.S. ' N.S.
lvs 6 0,001 ]! 0.001
lvs 7 001 2001

The following drug concentrations were employed in the incubation medium
Epinephrine 0,57 /ml, ATP 2 mg/ml, phentolamine 0,1 mg/ml, and
phenoxybenzamine 0,03 mg/ml.

# QObtained from rabbits pretreated with O.1 mg/Kg. thyroxine s.c. for 2 wks.

N.S. denctes Not Significant or a p level greater than 5%. (0.05)
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In Vitro Iysine U,

Lo ¢™ Tncorporation 1ito protein

Table 1§
by Aortic

Tiassue from Normal and 2 Wk. Thyroxine Preireated Animals

O s

#% Using paired diffemcas mthod

» MMdMMWMfwamhum

0.1 ug«/xg. 8ecCe of Mﬁ

The following d
Epinephrine 0% /ml
phenoxybenzamine

H+.8s denotes Not Significant or a "p" level greater than 5¢ (0.08).

emsmtmtims were employed in the incubstiom medium
5 ATP 2 na/ml, phentolamine 0.1

ng/ml, and

i n Wﬁ ng. Wet W,
S 5 b por hr. -
1, Nomsal Controls j L 32,72 £ LaT5
2, FPpinophrine (Nowsal Animels) | L, 5EL61
3. ?‘hymmne Pmt.raatad Lmtrezn* § 8 ! 11,2058 2.5
b gngﬁéplme i { Mg\» 7.058'4 L2
e eI ;wa § 10.01 o M
“6u Ipinephwine + Phentolamine | 8 | é,éw 1,55 -
1 i Ppennin | 8 vetie
e I ORI S
1ve2 | 0,01
o 1ve3 | 0.0 B
2ve3 | W8
3vs f O.G&iﬁw
3w T hse
o L';Is oes‘”'
L vs 6 N.5. o
T kw1 ““"u.s. o
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Chapter V
Discussion

Medial Sclerosis and Vasopressor Phenomena

Several investigators have suggested that the medial sclerosis
following an epinephrine regimen is a consequence of the vasopressor effects
of this drug (Lorenzen, 1961; Taylor, 195L; Waters and de Suto-Nagy, 1950a;
and O'Sullivan, 1962). Although this position is not without merit, it is
questimable whether such a narrow interpretation is adequate to explain the
various observations made in this report and by other investigators. The
present studies on vasopressor and metabolic effects of epinephrine and
thyroxine suggest that a broader assessment of the role of these two drugs in
medial sclerogenesis might be more consistent with experimental data.

Our own assessment of the vasopressor theory of medial arterio-
sclerosis has been conditioned by a pancity of critical examinations of the
vasopressor relationships involved. Qualitative mentim of the potentiation
of epinephrine's pressor action by thyroxine has been invoked by O!'Sullivan
(1962), Lorenzen (196la and b) and others as categorical evidence that
epinephrine induced medial sclerosis is primarily a consequence of the pressor
actions of this drug. Secondly, it was assumed that drugs which potentiate
this pressor effect will increase the incidence and severity of the argerial
lesions. Conversely, it was assumed that drugs which interfere with the
pressor actions of epinephrine will provide protection against arterial
lesions (0'Sullivan, 1962; Waters and de Suto-Nagy, 1950a; and Lorenzen,
1961a, b, 1962a, b).

Examination of the present data suggest that some discrepancies
exist between the ability of a drug to prevent rise in systolic or diastolic
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pressure in acute experiments and its ability to prevent epinephrine induced
medial sclerosis. Pertinent to this observation is the data in Figs. 1 -9
and Tables 1 « 3, Thus iproniazid pretreatment at the dose employed
decreases the net and percentage increase in systolic pressure following
epinephrine but according to O'Sullivan (1962) on a subacute basis greatly
augments both the incidence and severity of epinephrine induced lesims.
Cenversely ATP which does not significantly inhibit the net or percentage
increase in systolic pressure caused by epinephrine infusion is perhaps one
of the most effective agents known in preventing medial selerosis induction
by epinephrine (Davis et al. 1955). Phentolamine and phenoxybenzamine
produced an inhibition of pressor response to epinephrine to an almost equal
degree (Figs. 2, 3, Tables la, b). Yet, according to O'Sullivan (1962), when
administered prophylactically on a subacute basis phenoxybenzamine is rather
ineffectual in preventing epinephrine induced medial sclerosis while phentol-
amine shows good activity in this regard. Norepinephrine, which in the normal
animal produces & significantly lower incidence of medial damage than
epinephrine, Friedman et al (1955a, b) produced net changes in systoliec and
diastolic pressure which were similar to those observed with epinephrine
(Figs. 2, L, Tables 1, 2).

Acute diastolic pressure data similarly do not appear to be fully
consistent with a pressor thecry of medial sclerogenesis. Iproniazid
pretrestment at a dose reported by O'Sullivan (1962) to intensify epinephrine
induced medial sclerosis did effect a net increase in diastolic pressure
after epinephrine challenge as compared with controls; however, this increase
was not statistically significant (Tables 2a, b).
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Net increase in diastolic pressure produced by epinephrine, in ATP pretreated
animals, was virtually identical to that observed in saline pretreated
controls (Tables 2a, b). If the increase in diastolic pressure in ATP
pretreated animals is expressed as a percentage increase the rise following
epinephrine in both systolic and diastolic pressures exceeds the values for
thyroxine, which is reported to accentuate the medial damage produced by
epinephrine (Michulicich and Oester, 1951). Although the above data raise
questions regarding the sole importance of systolic and diastolic blood
pressure changee following infusion of epinephrine as etiological factors in
medial arteriopathy it should be kept in mind that these results were obtained
in acute experiments. It is entirely possible that subacute administration
of these various drugs could conceivebly alter interpretation of the
eticlogical role of pressor effects.

Analysis of hemodynamic data based on the pre~infusion systolic
and diastolic pressure suggeste some correlation may exist between the
ability of a given drug to increase or decrease systolic and dlastolic
pressures and the abllity of a drug to intensify or prevent medial arterio-
pathy. Thus ATP and phentolamine, reported to be of value in preventing
epinephrine arteriopathy, (Davis et al., 1955; O'Sullivan, 1962) decreased
gystolic and diastolic pressures to a greater extent than the other drugs
studied (Tables la, 2a). Conversely, thyroxine which according to Michulicich
and Oester (1951) augments epinephrine arteriopathy was most potent in
increasing systolic and diastolic pressure prior to epinephrine infusion.
However, iproniazid at a dose reported by 0!'Sullivan (1962) to augment
epinephrine arteriopathy, decreased pre-infusion systolic and dlastolic

pressures (Tables la, 2a).
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Thus, modification of the epinephrine pressor response following various
drugs does not appear to be wholly consistent with a hemodynamic etiology of
epinephrine arteriopathy; yet, the possibility camnot be excluded that other
facets or extensions of eardiovascular studies could show positive
correlations.

Recent studles from another laboratory questien the sole importance
of vasopressor effects in producing arterial lesions, QOutstein and Cooper
(196L) have reported that intravenous sdministration of Vasopressin either
intravenously or intraperitoneally three times weelly for a period of 6 to
11 weeks did not produce any observable artertal lesions. ¥hen, however,
this vegimen was supplemented by concomitant cholasterol feeding, medial and
4ntimal caloification was observed in about 50f of the animals, Cutstein
(personal commmication) has indicated "We are in complete agreement with
your statement that, factors other than vasopressor effocts alone may play
an important role in the development of this type of pathology."

A similar position in regard to medial sclerosis has been taken
by Milch and loxterman (1964) who have taken issue with Lorenzen's (1959,
19613, b) suggestion that medial sclerosis following epinephrine is &
consequence of the vasopressor effects of this drug. Milch and ILoxterman
(196L) have recently stated that in their opinion "Lorenzen's data are
subject to additional interpretation in that his results alsoc support the
hypothesis that epinephrine initlates and aggravates a defect in the
npiochemical architecture" of aortal wall which renders it susceptible to
degenerative change, and that the defect 1s manifested by ar alteration in
aortal muccpolysaccharide metabolism”. In the analysis of their studies on
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micopolysaccharide metabolism of the rabbit aorta Milch and Loxterman (196L)
conclude, "the data support the hypothesis that epinephrine induces a defect
in the biochemical architecture of the arterial wall which renders it

susceptible to degenerative change®.

Further analysis of significance of pressor effecte swggests that
if orterial damage is a sole or primary consequence of vasopressor effects
2 correlation should exist between areas of meximal pressure and loceliza-
tion of lesions. 7"he pressure pulse moving toward the periphery at a
velocity considerably in excess of the velocity of corpuscular elements of
the blood causes a rebound of blood from wegione of sharply increasing
resistance, thus rivﬂng rise to a decrementing diphasic eentripetsal wave,
(Wiggers, 1952). Since this centripetal wave and the pressure pulse are
both present in the same system of "inbes®, they surmate effecting a major
alteration in contour of the pressure pulse. The propagation of this
reflected pulse is deeremental. Therefore, a greater amplitude is available
at the more distal portions of the arterial tree giving rise to a greater
net wave amplitude. At points more proximal to the ventricle the attenuated
veflected wave causes less of a modification of the ventricular pulse and
the resultant arterial pulse is lcwer in magnitude.

Thus cantrary to expectations the amplitude of the pressure
pulse recorded at points more distal to the heart is increased in
amplitude and therefore the pressure recorded at more distal points is
greater in magnitude than at points more proximal to the heart.
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Thus if the mechanical effects of the pulse wave were the sole fﬁctors
operant in medial damage it would be expected that the lesions would occur
at maxima of the reflected ventricular waves. Such maxima would place medial
lesions in the more peripheral arteries. Roszkowski (1956) in discussing
localization of epinephrine induced lesions stated "In general, only the
thoracic sorta was involved." He further states "Apparently large trunks
are the vessels primarily affected, small arteries and arterioles did not
appear to be altered.” This apparent lack of correlation between pulse
wave maxima and localization of arterial lesions does not however com-
pletely rule out the importance of hemodynamic factors. It is entirely
possible that mechanical effects of the arterial pulse wave might exert
their damaging effects not at their maxima, but rather at sites in the
arterial wall wvhich by their structural or biochemical characteristics are
particularly susceptible to mechanical damage. Such an interpretation is
consistent with Blumenthal's (1959) hypothesis.

A recent study by Wolineky and Glagov (1964) examined the effects
of intramural tension on the static mechanical properties of the rabbit
aorta. In their experiments the rabbit aorta was removed under anesthesia
and all branches tied. The aorta was washed in saline and attached to a
cannula at the proximal end, while the distal end was closed by a pinch
clamp. After placing the preparation into a small airtight chamber,
various hydrostatic pressures were applied to the isolated arterial seg-
ment. Then, the saline was flushed out by a fixative solution and after
a suitable period (usually 2 hours), the segment was removed and studied
by both conventional histological techniques as well as via electron micro-

scopy. Several observations pertinent to the present discussion were made.
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Wolinsky and Glagov (196L) found that at physiological pressures the aortic
media functions as & two phase system in which the "eircumferentially aligned
collagen fibers bear the tangential stressing forces while the elestin net
distributes the stressing forces uniformly throughout the wall", The intra~
luminal pressures employed in their studles varied between 5 and 200 mmlg.
Similarly Roach and Burten (1957) MacDmald (1960) and Bergel (1961)
have suggested on the basis of their studies that the circumferentially

arranged medial collagen is the effective structural component of the aorts ay
and sbove physiological pressures. O'Sullivan's (1962) description of rupture|
of longitudinal elastic fibers the first day after administration of epine-
phrine is difficult to reconcile with these reports. Wolinsky and Glagov
(196k) state that because of the two phase structural system present in the
rabbit sorta the more extensible elastin component distributes the stresses
uniforunly and that stresses around flaws are trensferred to other parts of
the arterial wall. Also mentionmed is the observation that “the aorta rarely
breaks despite numerous irregularities and flsws of composition and archi~
tecture which increase with age." In their concluding remarks Wolinasiy and
Glagov (1964) state "focal medial defects and medial pressure and tension
gradients may be relatively insignificant factors in the development of aortig
disease®. Unfortunately these studies were performed using static rather than
pulsatmg pressures and therefore do not correlate as closely with inwvitro
conditions as might be desired. It should also be emphasczed that the studies
of Wolinsky and Glagov do not presiiude the occcurrence of focal medial lesions
in the aorta.

Although the preceding discussion raises a number of questions
concerning the significance of pressor effects, it does not obviate the
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perticipation of all cardiovescular phenomena in the genesis of epinephrine
induced arteriopathy. One such aspect, hydrostatic tension, may be of
significance, Tension in a given vessel 1s an expression of the stretching
force exerted by the hydrostatic pressure on the vessel wall, which in turn is
opposed by the tension developed in the wall of the vessel by its smooth
muscle and elastic components. Hydrostatic tension in a vessel may be calcu-
lated by applying the law of Laplace, represented by the equation T= PxR;

47 which P is the excess of the hydrostatic pressure inslde the vessel over
the local surrounding tissue pressure in dynes/em.z, T, the tension developed
in the wall in dynes per square centimeter; and R, the radius of the cylinder
in centimeters (MacDemald, '1960). Using literature data Blumenthal (1956) has
calculated levels of hydrostatic tension in various arteries. Thus,in an
sorta with a radius of 1.3 cm. and a mean pressure of 100 mm.Hg., the tensien
on the wall was calculated to be 170,000 dynes/cm.2. 1In arteries such as the
hepatic or splenic having a smaller radivs, eg. 0.15 cms., the tensiom was
caleulated to be 20,000 dynes/cm.2, In the rebbit aorta the hydrostatic
tension acting on the vessel wall should therefore be considerably higher than
that found in vessels of smaller radius as the femoral artery. Such a temsica
gradient would parallel the localization of epinephrine induced lesions
reported by Roszkowski (1956). This line of reasaning suggests that protec-
tion against possibls mechanical aspects of epinephrine induced arterial
damage could be produced by reduction of arterial pressure changes via
decrease in peripheral resistance, accompanied by no change or a decrease in
sortic radius. Regretably such qualitative data on these parameters was not
obtained in the present study, due to the difficulties attendant in their

determination.




76

Biochemical Aspects

From the very outset of this examination of epinephrine induced
medial sclerosis the uniqueness of the metabolism of arterial tissue became
evident. One of the striking points noted was that aortic tissue exhibits a
rather low respiratory rate. Kirk et al. (1953, 195L) have reported that the
respiratory rate of human aortic tissue is only about 2% that of liver tissue
Briggs et al. (19L9) have reported that in the rat asortic respiration proceeded
4n vitre at a rate about cne-tenth that of liver slices from the same arimal.
Regrettably these two studies did not offer comparisons of aortic tissue with
intestinal smooth muscle or skeletal muscle. Fontaine et al. (1960) have
reported that in the ax aorta sixty to ninety percent of glucose iz metab-
olized via glycolysis, while most of the remainder varying from 10 to 30% is
metabolized via the Krebs cycle. To the contrary, the liver exhibits an
aercbic glycolysis of about 30 to LOE and oxidative metabolism of about 60 to
708. Thus the efficiency of carbohydrate metabolism in aortic tissue is only
about LO% of that observed in liver (Fontaine et al., 1960). Kirk (1963)
has calculated diffusion coefficlents for oxygen in human aortic tissue and
states "These estimated depths to which oxygen can penetrate through diffusion
indicate a low margin of reserve for the axygen supply of the normal aortic
wall," Lehninger (1959¢) has also indicated that "If the diffusion of oxygen
to the cells in the media is at all limited, then it can reascnably be
expected that the diffusion of glucose, the substrate for glycolysis must also
be limited, since both are brought into the cells by physical diffusion, so
far as is known.® Fontaine et al. (1960) has indicated that distances between
adjacent capillaries "in parenchymatous organs averages from ten to thirty
miorons, but it increases to five hundred miorons for arterial walls, thus
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illustrating the poor vascularization coming from the vasa vasorum.”" This
compares with mean capillary distances of 17 to 83 microns in skeletal
muscle (Pearson 1962). A similar position is held by Kirk et al. (1955)
vho state that the arterial wall fed either by diffusion from the lumen
or by the vasa vasorum in the adventitia and media presents extended
diffusion distances for the inward passage of substrate and oxygen and
outward diffusion of metabolites. Another peculiarity of arterial tissue
18 its lov concentration of ATP which in the ox aorta is approximately
1.3% w4/100 gms. (Kempf et al. 1961). This level is only about two to
four percent of that reported in skeletal muscle by Bendall and Davey (1957D.
The rather lov metabolic efficiency and extended diffusion paths
for metabolic substrates in the aorta suggested that this tissue might be
susceptible to biochemical defects. Therefore, several exploratory studies
vere undertaken in an effort to survey biochemical aspects of arterial
metabolism which might be profitably explored to gain insight into possible]
biochemical aspects of epinephrine arteriopathy. In the course of such
pilot experiments it was found that increases in blood glucose and lactic
acid following epinephrine levelled off approximately two to three hours
after administration of this drug. Subsequently tissue experiments were
conducted in which aortic levels of glycogen, phosphate, and lactic acid
were determined at two, four ahd eight hours after epinephrine administra-
tion in fasted rabbits. A significant depletion in aortic glycogen was
observed four hours after epinephrine administration. This decrease in

glycogen of approximately k0% was paralleled by a decrease of apprnximatelﬁ
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66% in skeletal muscle. At the peak depletion time aorta contained LO mgs.%
and skeletal muscle L1 mgs.% glycogen (Table L). The smaller percentage
decrease in aortic glycogen is interpreted as being in part a consequence of a
lower level of epinephrine controlled glycolytic activity in this tissue.

Such an interpretation is consistent with the report by Klainer et al. (1962)
who reported a very low level of cyclase in dog aorta as compared with dog
skeletal muscle.

Since Fouts (1962) has reported cumulative effects on drug metab-
olism following repeated epinephrine administration, subacute experiments were
conducted in which epinephrine, thyroxine, and epinephrine plus thyroxine were
administered daily for a period of two weeks, in accordance with the proced-
ures used by Oester et al. (1954, 1959). Drug administration was terminated
twenty~four hours previous to autopsy with the expectation that any altera-
tions in levels of tissue constituents would be of a sub-acute rather than
scute nature. Aortic glycogen levels which on an acute basis were decreased
by epinephrine, were not significantly changed by subacute epinephrine
administration. Thyroxine administration for a two week period did result in
a slight deorease in aortic glycogen, an effect which appeared to be
potentiated by concomitant administration of epinephrine (Fig. 10, Table 5).
Comparative determinations on skeletal muscle indicated no statistically
significant changes of glycogen level in any of the groups. Aortic glucose
levels were significantly elevated in snimals treated with epinephrine or
epinephrine plus thyroxine (Fig. 11, Table 6). Skeletal muscle glucose was
significantly elevated only in animals receiving epinephrine alone. Subacute
epinephrine alone or in combination with thyroxine did not produce any
significant changes in lactic dehydrogenase or lactic acid levels in the
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aorta (Tables 7, 8).

The lower levels of sortic phosphate (Table 9) observed in both
thyroxine treated groups are difficult to reconcile with Hoch's (1962)
statement that tissuve levels of inorganic phosphate usually rise in animals
treated with thyroxine and are contrary to our expectations. Thus in the
biochemical studies a few changes occurred which appear to be related to
effects of epinephrine on carbohydrate metabolism. The acute depletimn of
aortic glycogen following epinephrine appears to be a consequence of stimla-
tion of glycolysis. The subacute increase in aortic glucose could be
interpreted as a decrease in utilization or a consequence of increased uptake
from the blood.

Metabolic Studies Using Redioisotopicslly Labelled Substrates

These studies disclosed several points which may be important
(Fig. 16-25, Tables 10-1};). The first of these, stimulation of cn‘og produc-
tion by epinephrine, was a rather consistent finding, when sortic tissue was
incubated in a medium containing glucose=-6=Clt (Fig. 16-19, Tables 10, 11, 13),
Pretreatment of animals for two weeks with thyroxine prior to experiments more
than doubled c”*oz production from g]ncose—6-cm (Figs. 16, 17). Vhen aortic
tissue was incubated in a medium consisting of Krebe-Ringer bicarbmate
+ O.sgl(/ml. of non labelled glucose and glucoae—é-cm as a labelled substrate
an accentuatio of the effects of epinephrine were noted. Under these condi-
tions epinephrine addition increased the formation of labelled carbon dioxide
nearly fourfold, (Figs. 19, 22, Table 11) while norepinephrine appeared
impotent (Table 13). ATP, phentolamine and phenoxybenzamine appeared to
inhibit this stimlating effect of epinephrine (Table 11)., Phentolamine,
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whieh according to O'Sullivan (1962) is more effective in preventing
epinephrine arteriopathy than phenoxybenzamine was the more effective of the
two drugs in this regard, even lowering cﬂ‘oz production to sub=control levels
(see Fig, 19). ATP which according to Davis et al. (1955) is also an
excellent prophylactic agent against epinephrine arteriopathy did not inhibit
Cn‘Og production to 88 great an extent aa either phenoxybenzamine or phentol--
amine suggesting that its role as a preventive agent may be unrelated to its
effects on carbohydrate metabolism.

Under similar emditions aortic tissue from snimals pretreated with
thyroxine for two weeks exhibited a rate of GM‘O2 production twice that
observed in control tissues from normal animals (Figs. 20, 23, Table 12).
However, the rate of formation of labelled carbon dioxide by normal sortie
tissue under the influence of epinephrine was nearly double that found in the
case of the thyroid controls. Aortic tissue from thyraxine pretreated aninals
was also susceptible to the metabolic stimulating effect of epinephrine in
that addition of epinephrine nearly doubled ()M‘C)2 production in these tissues
(Pigs. 20, 23, Table 12). As in the case of aortic tissue from normal animals
both phentolamine and phenoxybenzamine inhibited the epinephrine stimulating
effect, the latter drug being less effective in this regard. ATP did not
appear to affect the epinephrine induced stimulation of metabolisn in tissue
from thyroxine pretreated animals.

From the above discussion it is apparent that there may be a
correlation between stimmlation or inhibition of oxidation via the Krebs cycle
and production or prevention of epinephrine arteriopathy. Thus, epinephrine
which when administered alme to rabbits on a subacute basis produced medial
arterial sclerosis (Oester 1959) also causes a substantial rise in rate of
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oxidation via the Krebs cycle.

Thyreaxine administered alone on a subacute basis does not produce
medial sclerosis, but when administered concurrently with epinephrine appears
to greatly potentiate the sclerogenic effect of the latter drug (Michulicich
and Oester 1951). In the studies where unlabelled glucose was present in the
medium the rate of oxidation of labelled glucose although higher in thyroxine
pretreated animals did not reach the levels produced in normal animals by
epinephrine (Figs. 20, 23, Tables 11, 12). There also appears to be a
consistent relationship between the potency of the two adrenergic blocking
agents in inhibiting oxidation by arterial tissue under the influence of
epinephrine and the ability to protect against epinephrine sclerosis in the
intact animal. Phentolamine which is the more potent of the two drugs in
inhibiting epinephrine sclerosis (0'Sullivan 1962) is also more potent in
inhibiting oxidation by aortic tissue treated with epinephrine. It may be
recalled that phentolamine and phenoxybenzamine showed similar potency in
inhibiting the pressor effect of epinephrine in the intact animal. Thus in
this case there appears to be a better correlation between metabolic inhibie
tion and ability to protect against epinephrine sclerosis than is the case in
regard to inhibition of pressor effecis.

Hexose Monophogphate Shunt

In aortic tissue from normal animals the yleld of cﬂ*oz obtained
from glucose labelled in the number cne position was nearly twice that obtained
from glucose labelled in the number six position (Figs. 19, 20, 22, 23).
Similsr cbservationg have been made by Winegrad et al. (1958) and Iymn et al.
(1960) in adipose tissue. Sbarra et al. (1960) have reported that prbduc’eiom
of labelled carbon dioxide by guinea pig aorta is greater when the gluccse
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substrate is labelled in the number one position than when the label is in the
number six positian, parallsling our results. The yield of ¢, from glucosel
6-cib 35 believed to reflect oxidation via the Krebs cycle, while the increase
jin yleld of labelled COp from gluoose-l-cn‘ is believed to be a cansequence of
the participation of the hexose monophosphate shunt (phosphogluconate
oxidative pathway).

If the hexose monophosphate shunt is not present or operant in a
particular tissue the yield of radicactive carbon dioxide is the same regard-
less whether the lsbel is in the one or six position. The differential
observed in our experiments thus, suggests that, since the yield of radio-
active carbon dioxide is greater when gluccse«»l-clz‘ is used as a substrate as
compared with glucose labelled in the six position the hexose monophosphate
shunt is operant in rabbit aorta.

In aortic tiseus from normal animals the ratio of C1%0, formed from
glucm-l-cm as compared with that formed from glncose—é-clh was about two
(Fig. 19, Table 1li). This same ratio in aortic tissue from animals pretreated
for two weeks with thyroxine was approximately six, thus indicating a rather
significant stimulation of the hexose monophosphate shunt by thyroxine in this
tissue (Fig. 23, Table 1i).

When spinephrine was added to aortic tissue from normal animals
(Fig. 19), yield of labelled carbon dioxide from glncoae—é—cm was increased

almost four fold. On the other hand, in similar experiments where glucose-l-
C14 yas used as & substrate the yield of labelled carbon dioxide was increased
by only a factor of less than fifty percent. The added increment is inter-

preted as stimulation of oxidative phosphorylation in the Krebs cycle with no
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sprarent stimalation of the hexose nouophosphate shunt, but rather in inhibiw-
tion of catabolism via this route.

Aortic samples from thyroxine vretreated aninals challmged with
apinephrine exhibited a level of 01'*02 fron glucose—l-cm which was not
significantly different from that observed in controls (Figs. 20, 23, Table 1)
This observation indicates that an inhibition of the hexose nonophosphate
shunt occurred in thyroxine pretrezted animals.

It is felt that the data obtaired on the participation of the hexose
monophosphate shunt in nermal and thyroxine pretreated aorta may assist in the
resolution of certain incensistencies in interpretation of the pharmacological
role of thyrcxine in experimental arteriosclerosis. Jt is a well lnown fact
that concomitant administration of thyroxine to animals on a high cholesterol
dlet provides protection against atheroma formation (Constantinides 1960).
Conversely rabbits treated with epinephrine and thyroxine appear to be more
prone to development of arterial legions when cholesterol is administered
intravencusly Pester et al. (1955] or when fed in the diet [Constantinides
et al. (1960} .

Koritz and Peron (1957) have reported that TPHH and hexose monophos-
phate shunt enzymes are required for steroid biosynthesis in cell {ree systoms
Thus, it is possible that the TPNH generated in the hexose monophesphate shunt
is utilized in the "detoxification" of cholesterol making it more water
soluble and thus increasing its potential for removal and exeretion via the
kidney. This supposition is further strengthened by the report by Talalay
and Williams-Ashman (1958) that estradiol appears to function as an essential
co=factor in a DPN~TPNH linked transhydrogenation reaction. Also, the lower

ineidence of coranary arteriosclerosis in premencpausal females has been
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ascribed to sndogenous estrogen. Thus, if cholesierol atherosclerosis is
looked upon as a consequence of insufficient hexose wonophogphate shunt
activity, drugs which stimulate shuob activity sheuld provide protection
against atherosclerosis. Our findings which show a rather striking stimula=
tion of the hexose manophosphate shunt activity by thyroxine suggest that this|
may be the case. The potentiatian of cholesterol atheroma formation by
epinephrine-thyroxine regimen may be a consequence of the inhibitia: of this
shunt by epinephrine. Our studies indicate that such ¢n inhibition does occurd

From our discussion of the stimulating effect of epinephrine on
Cmﬁz production from glucose—é-cm by arterial tissue it 1s apparent that
this increase in metabolism is primarily if not solely due to effects on the
Krebs cycle. Since it is generally believed that the mitochondria are the
site of oxidative phosphorylation via the Krebs cycle we feel that it might be
reasonable to postulate a hypothetical site of action for epinephrine on the
mitochondrion in arterial iissue.

If the increase in oxidative phosphorylation is due to a swelling
of arterial mitochondria we might expect some parallelism between results
which we have obtained and data reported on the swelling of mitochondria by
Lehninger (1959a, ¢) and others. Chappel (1958) has reported that the
awelling of hepstic mitochondria is potentiated by addition of substrate and
does not occur in the presence of metabolic inhibitors or absence of substrate.
If we compare the resulits obtained in aortic gamples incubated in a medium
free of non=labelled glucose with studies in which O.5u¥/ml. of non-labelled
glucose was added (Figs. 18, 19) we will note that in the laiter case (of
added substrate) the effect of epinephrine is vastly enhanced. Results
observed with KRP alone were similar to those which KRB alone was used as a
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medium, Thus, if epinephrine acted in a manner similar to that of thyroxine
we would expect that the extent of swelling and subsequent increase in metab-
olism would be greater in a medium containing glucose than in its absence.
Such an effect was noted in the KRB and KRB + non=labelled glucose experiments
(Figs. 18, 19, Tables 10, 11, 13). Lehninger (1959b) has reported that
thyroxine induced swelling of mitochondris can be prevented or reversed by
addition of ATP. Inhibition of epinephrine induced increase in oxidation by
ATP could possibly be explained by assuming that as in the case of thyroxine,
ATP inhibits the mitochondrial swelling produced by epinephrine and thus
inhibits the increase in oxidative phosphorylation. The effects of phentolw
amine and phenoxybenzamine are less clear. It might be proposed that these
drugs act by interfering with the postulated swelling effect of epinephrine of
arterial mitochondria or that they may csuse a contraction of mitochondria
sither directly or indirectly. In any event we do feel that our findings
suggest that studies of poasible effects of epinephrine on arterial mitochonw~
dris might be profitably explored.

According to Zamecnik (1954) addition of ATP to tissue slices
increases the incorporation of isotopically labelled amino acids into protein.
Conversely Hoch (1962) indicated that thyroxine in high doses is believed to
inhibit protein synthesis.

Thus, it was felt that investigation of the effects of epinephrine,
thyroxine and ATP on the incorporation of c“‘ uniformly labelled lysine into
aortic protein might provide some suggestion as to a possible mechanism by
which epinephrine causes medial arteriopathy.

The studies which were performed indicated that epinephrine signifi-
cantly decreased the incorporaticn of wniformly labelled lysine G into
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arterial protein (Figs. 2L, 25, Table 15). Incorporation of labelled lysine
into protein was also significantly inhibited in aortic tissue obteined fram
animals pretreated for two weeks with thyroxine. Noteworthy was the observa=
tion that protein synthesis significantly depressed by thyrwmdne pretreatment
of snimales was further depressed by addition of epinephrine to the incubation
flasks (Fig. 25, Table 15), Neither phentolamine or phenoxybenzamine sppeared
to significantly inhibit the depression of protein synthesis caused by epine-
phrine, which was nullified by ATP.

Data sceumulated on both protein synthesis and carbohydrate
metabolism suggest that drugs involved in induction, potentiation or preven-
tion of epinephrine induced medial arteriopathy exert an effect on the metab-
olism of arterial tissue which in general is consistent with their role in
artericpathy. Epinephrine, sine qua non, appears to affect not only oxidative
phospherylation but also appears to exert an inhibitory effect on protein
synthesis. The inhibition of protein synthesis cbserved may be a consequence
of the effect of epinephrine on ATP availability. Since ATP has been found to
be essential for amino scid activation, reduction in tissue ATP should result
in reduced protein synthesis.

An increase in oxidative phosphorylation following addition of
epinephrine to arterial tissue should result in a higher tissue ATP level, but
only if the rate of destructiom of ATP were unaltered. Two recent reports
suggest that this may not be the case, Stamm and Honig (1962) have reported
that epinephrine interferes with the inhibition of cardiac adencsinephospha~
tase activity by the so called relaxing substance (R8). According to Parker
and Gergely (1960) RS is an important physiological modifier of myofibrillar
ATP-gse activity and is thought to terminate eontraction in heart muscle by
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inhibiting ATP hydrolysis. In Stavm and Honig's (1962) experiments RS obtained
from cardiac muscle inhibited eardiac ATP-ase by approximately forty percent.
Epinephrine additior to the incubation mixture centaining both ATP-ase and RS
decreased this inhibition by approximately L5%. This effect appeared to be
dose dependent since lower concentrations of epinephrine caused less inhibi-
tion of the RS activity. Iymn et al. (1960) have indicated that in adipose
tissue "epinephrine and ACTH promote the synthesis of ADP from ATP". They
also suggest that the stimulation of respiration by epinephrine in adipose
tissue may be mediated via this effect, since 1t is generally accepted that
tissue ADP level is one of the factors controlling rate of carbohydrate
metabolism.

Inasmuch as epinephrine has been reported to have an ™uncoupling®
affect on ATP it is entirely possible that such an effect obtains in arterial
tissue. If epinephrine increased the level of available ATP we might expect
that protein synthesls would be stimulated when epinephrine was added to
arterial tissue. Such an effect was not observed. If the tissue ATP level
was a limiting factor in depression of protein synthesis by epinephrine we
would expect ATP to reverse this inhibition. This effect was cbserved.
Addition of ATP to arterial tissue where protein synthesis is depressed by
epinephrine resulted in a rate of protein synthesis similar to that in
cantrols. Thus, there is reason %o believe that inhibition of protein
synthesis by epinephrine may be linked to ATP availability.

A possible explanation of protective action provided by phentol-
amine may lie in substrate conservation. As indicated previously epinephrine
produced depletion of aortic glycogen. This effect appeared to be accentuated
by concomitant sdministration of epinephrine and thyroxine. Brewster (1956)
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has reported that sdrenergic blocking agents can prevent the thyroxine induced
inorease in metabolism. The results obtained in the present Investigation are
congistent with his findings since addition of phentolamine to arterisl tissue
from thyroxine and epinephrine pretreated animals resulted in Gm&‘, production
which was of the same crder of magnitude as that ovbserved in aortic samples
from normal animals not protreated with thyroxine and epinephrine. The less
potent astivity of phencxybenzamine in preoventing epineplrine sclerosis
parallels its lesser potency in regard to inhibiting oxidative phosphorylation
by aortic tissue.

Failure of norepinephrine to significantly increase Krebs cycle
oxidation ty sortic tissue is consistent with its loseer potency in inducing
medial arteriopathy as compared with epinephrine reported bty Friedman et al.
(19558, b)s Both drugs produce effects on systolic pressure which are
gimilar,

Although the adove discussion has presented evidance suguesting the
existence of a metabolie component in the genesis of epinephrine arteriocpathy
it should be emphasized that in vitro data does not necessarily reflsct
changes whion hake place in the normal intact animal. In vitro incubavion of
tissue suffers from s number of shortcomings in that unavoldable trauma
usually occurs in preparation of the tissue sample, the incubaticn medium only|
grossly approximates that present nomally and in some ceses resctions found
to occur in isolated tissue proceed only to a limited extent in ths intact
snimel., Despite these disadvantages in vitro incubaticn has in a number of
instarces teen uveeful in providisg simpls models useful in the study of nore
complax systens.
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Conclusions

In genmeral, a poor corrvelation was observed between the ability of
druge studied to modify, on sn acute basis, the pressor response to epine~
phrine, and their relative effectiveness in preventing or augmenting
epinephrine arteriopathy as reported by other investigastors. For exaaple
thyroxine which significantly augments epinephrine artericpathy (Michulieich
and Oester, 1951) did not potentiate the net rize in systolic and diastolic
blood pressure following epinephrine. The net pressor rise fellowing
norepinephrine did not significantly differ with that observed following
epinephrine; however norepinephrine administered on a subacute basis is
reported to cause a2 lower incidence snd severity of medial lesions then
epinephrine Friedmen et al. 1955a, b). Although phentolamine and phenoxy-
benzamine were found to be similar in their abllity to reduce the pressor
respense following epinephrine, phentolamine 1s reported to be more sctive as
& prophylactic agent vs epinephrine artsricpathy (0'Sulliven, 1962).

ATP which is reported to be one of the most potent prophylactis
agents ve epinephrine arterlopatly, was less effective in inhibiting the nel
epinephrine pressor effect than phencxybenzemine which is relatively impotent
in this regard.

On the other hand the decreases in pre-infusion systolic and
diastolic pressures produced by ATP and phentolsmine appexr to parallel their
prophylactic value in epinephrine arteriopathy as reportecd by Davis et al.
(1958) and 0'Svllivan (1962). The possibility that protection against
mechanical aspects of epinephrine induced arterial damege could be a conse-
gquence of reduétim of intravascular wall tensico is raised. Although the
present report questions the importance of increases in systolic and
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disstolic pressures in the genesis of epinephrine arteriopathy, it iz entirely
possible that acute cardiovascular relationships noted in the present study
may not reflect subacute cardiovascular effects.

Data in this report suggest that study of the relatively unexplored
metabolie effects of epinephrine on arterial tissue may assist in the identi~
fication of a specific lesion or lesions which precipitate medisl arteriopatly.
The rather significant effects of epinephrine in potentiating Krebs cycle
oxidation, inhibition of protein synthesis and inhibition of oxidation via the
hexose monophosphate shunt suggest further areas for profitable investigation.
It is the opinion of the author that one or more of these eoffects mgy be
sontritutory factors in production of medial arteriopathy.

Correlation between effects of epinephrine, norepinephrine,
thyroxine, phentolamine and phenoxybenzauine on Krebs cycle oxidation and the
ability of these several drugs to modify incidence and severity of subacutely
induced arterisl lesims appears to be consistent with a biochemical hypothe
esie of medial sclerogenesis. Thus, thyroxine which augments epinephrine
arteriopathy, induced an increase in oxidation via the Krebs cycle. Phentol=-
amine which is reported to provide protection against subascute medial
arteriopathy (0'Sullivan, 1962) was quite effective in inhibiting effects of
epinephrine on Krebs cycle metabolism. Phentolanine was found to be more
potent in this regard than phencxybenzamine which is inferior as a prophy-
lactic agent. Norepinephrine reported by Friedman et al. (1955s, b) to be
less effective in inducing medisl arteriopathy than epinephrine did not
produce sny significant effect on Krebs cyole oxidation. Although ATP was not
particularly effective in inhibiting effects of epinephrine on carbohydrate
metabolism, it was the most potent of the three drugs studied in reversing
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inhibition of protein synthesis caused by epinephrine.

It is the opinion of this author that epinephrine arteriopathy is a
rather canplex phenomenon which is the resultant of several vectoral factors,
Data in this report suggest that greater weight be given to biochemical
factors than has been heretofore ascribed. The blochemical effects observed
following inwvitro incubation of arterial tissue with epinephrine suggest that
this drug may exert a biochemical action an the genesls of medial arteriopatly.
Sueh biochemical effects if sufficiently intense could summate with other
lesion inducing factors, thus contributing to the genesis of medial arteri-
opathy. It is possible that a blochemical lesion induced by epinephrine
might exert a permissive sction on the induotion of lesions by hemodynamic
factors. |
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Chapter VI

Summary
Subacute edministration of thyroxine increased resting systolic and
diastolic pressure in the unanesthetized rabbit but did not significantly
augment the pressor effect of epinephrine.
ATP did not significantly decrease the net increase in systolic pressure
following epinephrine in normal rabbits or significantly alter the pressor
response to epinephrine in rabbits pretreated for two weeks with thyraxined
Phentolamine and phenoxybenszamine, at doses employed, reduced pressor
effects of epinephrine to a similar extent.
Iproniazid did not significantly alter the pressor respmse to epinephrine
in the rabbit.
ATP and phentolamine reduced control systolic and diastolic pressures to
a greater extent than did phenoxybenzamine.
Ability of drugs studied to modify the pressor response following
epinephrine administration in the rabbit did not appear to correlate well
with their ability to modify the incidence and severity of epinephrine
arteriopathy as reported in the literature.
Fpinephrine produced several metabolic effects on rabbit aortic tissue
such as depletion of tissue glycogen, stimulation of oxidation via the
Krebs cycle, inhibition of oxidation via the hexose menophosphate shunt,
and inhibition of protein synthesis.
Stimlation of Krebs cycle axidation following eddition of gpinephyrine to
rabbit aorta suggests a possible biochemical mode of action of this drug

on vascular tissue.
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Norepinephrine which is reported to possess lesser sclerogenic potency
was less effective than epinephrine in stimulating exidation in arterial
tissue. Both drugs produced similar increases in systolic pressure.
Augmentation of hexose monophosphate shunt activity by thyroxine may
explain reported protective action against cholesterol atherosclerosis
by this drug.

Inhibition of hexose monophosphate shunt activity mey explain augmenta=
tim by epinephrine of intimal lesions following cholesterol feeding
reported by Constantinides (1958).

There appeared t0 be good correlatiom between the ability of drugs
studied to augment or inhibit Krebs cycle oxidation and the ability of a
drug to intensify or ameliorate epinephrine arteriopathy.

ATP which although less potent in inhibiting effects of epinephrine on
carbohydrate metabolism, reversed epinephrine induced inhibition of
protein synthesis in thyroxine pretreated animals. ATP may act at more
than one point in inhibiting epinephrine arteriopathy.

Correlation between sugmentation or inhibition of biochemical sffects of
epinephrine in rabbit aorta appears to be consistent with the role of a
given drug in increasing or decreasing medial arteriocpathy following
subacute administration of epinephrine.

Data presented suggest that epinephrine produces medlal arteriocpathy in
the rabbit by a mechanism which may include biochemical effects on aortic
metabolism.
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APPENDIX

SCINTILIATION FLUID

Bray, G. A., Anal. Biochem. 1: 279-285 (1960).
Scintillation fluid for radioisotope experimenis, was prepared as

follows:

60 gns. Rapthalene
4 gms. PPO (2,5, diphenyloxazole) scintillation grade
0.2 gu. POPOP (1,4-bis-2(5-phenyloxazole )-benzene
scintillation grade
100 ml. absolute methanol (AR grade)
20 ml. ethylene glycol (AR grade)
Q.S. to 1 liter with p-dioxane (scintillation grade) use

purest quality availlable commercially.

PPO and POPOP were obtained from Packard Instrument Campany.
It was found that only the purest grade of dioxane could be used
since anslytical grade yellowed in the presence of Hyamine-10X

and caused considerable quenching.




Buffer solutions used for incubation of aortic tissue in radiocisotope

experiments were prepared as described by Long (1961).

Krebs~Ringer Krebs-Ringer
rhosphate bicarbonate

(kRP) (kre)
0.9% NaCl 100 mls. 100 mls.
1.15% KC1 4 wmls. L mis.
1.22% CaCl, - 3 mls.
2.11% KH,PO), 1ml. 1 ml,
3.82% MgS0,, 1ml, 1 ml.
O.1 M MBP% 21 mls. -

1.3% namog,

* NaHCO, solution vas saturated with CO, before addition to prevent

precipitation of calclium.

Prior to use buffers were gassed with 100% oxygzen for the Krebs-Ringer
Phosphate buffer or 5% €0, 95% O, for the Krebs-Ringer Bicarbonate

buffer.
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Inorganic and labile Phosphate Determination

Method used was that described by Fiske and SubbaRow (1929).
The principle of the method is based on the formation of a phosphomolyb-
date complex with inorganic phosphate and molybdate ion in the presence
of sulfuric acid.

Reagentss 5 N Sulfuric acid (reagent grade).
2.5% ammonium molybdate.

Reducing reagent prepared in powdered form and stored in dessicator.
Contained 0.2 gn. of 1 amino-2-mapthol-h-sulfonic acid, 1.2 gm. sodium
bisulfite and 1.2 gm. sodium sulfite. The mixture was ground to a fine
powder with a mortar and pestle. For use, 0.25 gm. of powdered reagent
was dissolved in 10 mls. of distilled water prior to use,
Standard solution concentrate containing 1.3613 gm. KH,PO) in 1 L. of
distilled water was prepared. For use as a standard this solution was
diluted 1:10 aso that it contained 1 micromole of phosphate per ml.

Tissues were deproteinized as descrived in lactic acid pro-
cedure. A 0.5 ml. aliguot of this supernatant was used, To the unknown
sample 1 ml. of sulfuric acid was added, followed by 1 ml. of the ammonium
molybdate solution. After mixing, 0.1 ml. of reducing solution vas added
and volume adjusted to 10 mls. by addition of distilled water. After 10
minutes optical density was measured at 660 mu. in a Beckwan DU spectro-
photometer. In procedure for analysis of labile phosphate sulfuric acid

was added to unknown and volume adjusted to 5 mls.




Saumples were then heated in a boiling water bath for seven minutes, cooled
and then Qddition of molybdate and reducing solution was carried out. As
a final step the volume was adjusted to 10 mls., Samples were read as
describved above after 10 minutes. In all analysis standards containing
1.0, 0.5 and 0.25 uM phosphate vere also processed and calibration curve
used to ex. rapolate results. Labile phosphate was calculated by sub-

tracting values for inorganic phosphate fram labile phosphate values.




Lactic Acid Determination. Method of Barker & Summerson (19%1)

The method 15 based on the quantitative conversion of lactie
acid into acetaldehyde vhen hested in concentrated sulfuric acid. The
acetaldehyde formed is determined via formation of a purple colored
conplex with hydroxy diphenyl.

Reagents: U§ Solution of CuSQ),. 5H,0. Concentrated Sulfurie
Acid (Reagent grade). 1.5% Solution of p-hydroxydiphenyl in 0.5% MNaOH.
lactate standard.

Subseqguent to removal of tissues from the animal the weighed
sample was homogenized in a Potter Elvehem type glass homogenizer, immersed
in an ice bath. In all cases the tissue sample was immersed in 2.5 cec. of
ice cold distilled water for hasogenization and the resultant supernatant
freed of cellular debris was processed as suggzested by Barker and Summerson.
A 1 cc. aliquot vas deproteinized by addition of 1 cc. of 10% TCA and the
supernatant used for detemmination of tissue lactic acid. The size of
aliguot used was usually 0.2 mls. This vas adjusted up to a volume of 1 cec.
by addition of distilled water. To the test tube contalning this aliquot in
a volume of 1 ce., 1 drop of 4% CuS0, was added, and the tube chilled in an
ice bath. After eguilibration, cold concentrated sulfuric acid was added
from o pipetting syringe set at 6 mls. During addition of aeid, tube was

swirled to minimize heating.




This swirling was continued until tube and contents were approximately

at room temperaturs. When addition of reagents to all tubes in the series
was coupleted, the tubes were withdrawn from the ice bath in which they
were stored and heated in a boiling water bath for 5 minutes.

On reacval from the boiling vater bath, they were again cooled
to balow 20°C. Two drops of the p-hydroxydiphenyl reagent vere added from
2 1 ml. pipette {C.1 ml) and the reageant dispersed by siirring with a thin
glass rod. The tubes were then "aged” for 30 minutes in e water bath at
259 rocm temperature. During this period the precipitated p-hydroxy-
diphenyl reagent was resuspeoded st least three times. At the end of the
30 minute period the excess p-hydroxydiphenyl reagent vas destroyed by
heating the tubes in bolling water for 30 seconds and then recooling.
Color development was weasured in a Beckman IU spectrophotometer at 560 mu.
Prior to reading of samples the instrument was adjusted to zero optical
density by use of a sulfuric acid blank, in accordance with Barker and
Summerson's reccmnendation. Along with each series of unknowns a calibra-
tion curve was established using known amounts of lactic acid. These were
prepared to contain 2, % and 6 meg. of lactic acid per tube. Auy samples
which gave readings in a range beyond an 0.D. of 0.600 were rerun at

higher dllution.




Lactic Dehydrogenase ‘Iml Aesay - for use in arterial tissue.
Kittinger et al. (1960).

The principle of the method is based on the oxidation of DPNH
and reduction of pyruvie to lsctic acid. DPHH has a strong gbasorption
band at 340 mu. while DPN absorbe very little at this wave lenth. Thus,
change in optical demsity is proportional to oxidation of DPHH.
Resgents: 4 x 10 M Ha Pyruvate, 1.2 x 10" M DPEE, 0.1 ¥ phosphate
buffer pH T.8.

Pieces of mortic or skeletal muscle tissue were homogenized
as previously described in the lactlc acid analytical method. Total
volume of saline used was 2.9 mls., Homogenate was cleared by centri-
fugation for 10 minutes at 3000 rpum. he following reagents vere added
to & Beckman DU cuvette centrifuge tube 1) 0.1 ml. of NaPyruvate,

2) 0.1 mi. of DPNH and 3) 2.75 ml. phosphate buffer. This solution
was gtirred with a fine glass rod and 0.05 ml. of tissue hoauogenate
supernatent vere added and again the contents vere stirred. The re-
sultant solution was rapidly placed in a Beckman DU spectrophotometer
and change in optical demsity recorded at 30 second intervals, for a
period of thrue minutes. Rate of change in optical densitly was com-
pared with standard cwrve cbtained by adding varying asounts of IPNH to
the buffer system described above. Activity was expressed as rate of
substrate reacting per unit of time, one unit being eguivalent to
oxidation of 1 micromole of DPNH per minute., All deta were corrected

for dilution and tissue weight.
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Glucose Determination §Glucose Oxidase Procedurel

This procedure is based on the oxidation of glucose via
glucose oxidase forming Hy0, and gluconic acid. The peroxide form;d
oxidizes a chromogen which in reduced form does not absorb at 400 mu.
Reagent: Glucostat reagent, Worthington Biochemical Corp., Freehold,
N. J. was dissolved in distilled water and chromogen added. The final
volume was adjusted to 90 ml. in accordance with the manufacturers
instructlons.

Deproteinized solution was obtained by treating tissue
homogenate or blood with 1 ml. each of the Somogyi reagents (2.0%
ZnSO0), *THyO and 1.8% Ba(OBp). Thus, blood was processed by adding
0.2 ml. of whole blood to 1.5 ml. of Hp0, and 1 ml. of each of the
Somogyi reagents was added. Tissue extract was prepared by
homogenization in distilled water in a volume of 5 mls. A & ml.
aliquot of the filtrate was then processed as described for blood
with addition of 1 ml. of each of the Sawogyl reagentis.

Color Development

Two mls. of the tissue extract were placed in a tesi tube,
8.0 mls. of glucose oxidose reagent were then added and the resultant
golution was incubated at 37°C for 30 minutes, At this point one drop
of LNHC1 was added to each tube to stop the reaction. Samples were then
read in a Beckmesn DU. spectrophotometer at 40O mu. Instrument was set
at 100% transmission by use of a reagent blank. A calibration curve
vas established using known amounts of glucose for each series of

determinations.
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Protein Determinations

Protein was determined by the method described by Gormal et al. (1548).

The method is based on the formation of a violet color vwhen
proteins or polypetides containing amide or peptide linkages react with
copper sulfate in a strongly alkaline solution.

Reagents: Biuret reagent (Gornall et al, 1948) containing the
following:s 1.5 gm. cuprie sulfate (CuSOy. SH;0). 6.0 gn. potassium
tartrate (NeKC,H,0.. 4 H,0) dissolved in approximately 500 ml. of
distilled water to vhich is added 300 ml. of 10% RaOH. Q.8. to 1 liter.

One ml. of tissue supernatant, obtained by homogenizing 40 to
100 mg. of tissue in 5 ml. of distilled water and centrifugaticn at 3000
rpm. for 15 minutes was placed in a 12 ml. centrifuge tube. To this was
added 4 ml. of biuret reagent and the resultant solution was allowed to
stand for 30 minutes at room temperature. Unknowns and standards were
read in a Beckman DU spectrophotometer at 540 mu. adjusted to zero 0.D.
with distilled water. Reagent blank and protein standards vere used as
controls in each series of analysis. Protein standard was obtained from
Dade reagents {Lab-Trol) and adjusted to contain .083%, 0.1675% and
0.2515% of protein in each respective sample.




Tesue Glyeogen 316

Procedure followed was essentially that described by Seifter
et al. (1950). This method is a modification of the procedure of Good
et al, (1933).

Principle of the method involves the separation of glycogen
from tissue and other contaminants, hydrolysis of glycogen to glucose
and determination of glucose present by the development of color with
anthrone reagent.

Reagents: 30% KOH, 95% ethanol, 60% ethanol, 0.2% anthrone in
95% sulfuric acid (reagent grade).

Aortic and skeletal muscle tissues were rapidly excised from
rabbits, weighed on a Mettler balance, and placed in a test tube con~
taining 1 ml., of 30% KOH. The test tube was then placed in a boiling
vater bath and heated for twenty minuteas., At the end of this time, the
tube vas allowed to cool to room temperature and 1.25 mls. of 95% ethanol
added. Contents were mixed with the aid of a thin glass rod which was
rinsed with 60% ethanol vhich was added to the contents of the tube.

The sample was then heated to boiling in a water bath, cooled to room
temperature apd centrifuged for 15 minutes at 3000 rpm. The supernatant
was decanted and the precipitate redissolved in 1 ml. of distilled water and
reprecipitated as described above. This procedure was repeated twice.

In preparation for analysis the sample of glycogen was dissolved in 2.5 mls.
of distilled vater and cooled in an ice bath.




Cold anthrone reagent was then added from a pipetting syringe and the
contents of the tube swirled in the ice bath. The tube containing
glycogen and anthrone reagent were "capped” with glass marbles and
heated in a boiling water bath for 10 minutes. Samples were then
cooled and stirred with a thin glass rod and read at 620 mu. in a
Beckman DU spectiophotometer. A reagent blank was used to adjust the
instrument t© zerc 0.D. Standards containing 10, 20 and 50 micrograms
of glucose vere also run with each set of unknowns. Tissue samples
used in the analysis varied from about 40 to 100 mg. depending on

availablility.




Incubation Flasks

Problems associated with cleaning of Warbwrg flasks in radio-
isotope experiments are particulerly disconcerting since not oanly must
the vessel be chemically clean but must also be freve of radioisotopes
vhich when present in only trace quantities are likely to alter results
significantly. During the course of piloi experiments preliminery to
the radicisotope experiments described in this report the desirability
of having s "disposable Warburg flusk” became evident. As a result a
disposable metabolism {lask was developed, and is pictured on the sub-
sequent paye. The components are rather inexpensive, total cost belng
in the neighborhood of twelve cents, and are readily availlasble as stock
items from most scientific supply houses. These are:

1. Serum vial stoppers (rubber).

2. Disposable plastic "Dispo” veskers (2 ml.).

3. Copper wire 22 gauge.

k., Filter paper.

5. Disposable glass counting vials.

Assembly procedure is as follows:
1. Fold filter paper in shape of fluted stars approximately
3/16™ high and with a radius of 7/16". A three layered

fold vas found to have satisfactory sbsorbancy.

2. Pierce disposable plastic beskers with a red hot 23 gauge
needle 60 as to produce two holes at opposite ends of the

the top of the beaker.




s

3. Place filter paper into bottom of beakers and "tie"
the beaker with copper wire (as per photograph).

L, Thread remaining end of copper wire through hole
previously punched through bottom of lower margin of
rubber serum vial stopper. Snip off any remaining
ends with wire cutter.

Prior to use 0.2 ml. of 4 N KOH is applied onto the
filter paper in the beaker taking care not to touch sides. A
23 gauge hypodermic needle attached to a 1 ml. tuberculin

/

syringe was used.,




The counting vials vere prefilled with previcusly gassed
buffer and radiocactive substrate prior to use. After tissue samples vere
cleanad and weighed the plastic cap on the counting vial containing
buffer vas removed and tiassue samples placed in the medium., These glass
vials were then placed in a metabolic shaker amd gassed via a manifold to
vhich 18 gauge needles vere attached for entry of oxygen and a second
needle for exit of air mixture. After appropriate gassing the serun
vial stoppers (with attached beaker containing KOH) were rapidly affixed
and addition of drugs was performed by injection through the rubber
stopper. When it was desired to terminate the incubation 0.5 ml. of
h!%vasadﬁedviaa%ymhypodemien«dhwdomm. The
vial vas then shaken on an Eberbach shaker for twenty minutes at low
speed, At this time the vials were removed from the shaking apparatus,
the caps removed and the plastic beakers washed with 1 ml. of distilled
water which was allowed to flow into the vial. Tissue samples vere
then removed and the vial containing medium and redicactive substrate
vwas capped with a plastic screv cap and stored in a freezer for
additional analysis.

To each beaker (hanging from the serum vial cap) O.1 ml. of
1% Triton X200 was added to assure wetting and release of cmaztmpped
by the KOH. The serum vial stopper was then placed atop s second vial
containing 0.5 ml. of Hyamine 10 X. Acid (0.4 ml. of L N 3290&) was
added to the beaker by injection through the rubber serum vial eap,
to effect release of the C1%0, which was then bound by the Hyamine,




to effect release of the CI%0, which was then bound by the Hysmine. After
shaking for an additional 30 minutes the serum vigl cap was removed and

10 mls. of Brey's solution added. The vial was then capped with a plastic
screv cep and counted in a Packard liquid Scintillation Counter.

During the course of development of this procedure yield and
linearity of Ci40p trapping wes determined by use of radioactive NapCihop.
Comparisen of triplicate samples containing 0.0125, 0.025 and 0.05 uC per
vial disclosed that the average variation between triplicate samples
avereged 2.2%. Deta comparing yleld and reproducibility for this pro-
cedure and for an alternate method using conventional Warburg flasks is
tabulated below:

"Disposable Warburg Conventional Warburg
Flask" Flask
Precision* % Yield Precision* % Yield
0.0125 ¢ 1.0% 122 3.8 110
0.025 € k.2% 117 0.8 76
0.050 ©C 0.4% 105 1l.1 90
Average 1.9% 114 5.2 92

* Percentage variation between triplicate samples.
% yield vas calculated vs naacl"oe counted in Bray's solution.
The difficult solubility of this salt in the seintillation medium is in

our opinion responsible for the yield in excees of 100% observed,




¥

In sumeary, the "disposable Warburg flask” dzseribed
appears, from this author's experience to bave the following
advantages over end above the conventional Warburg flask when
used for radioisotope experiments:

1. Greater accuracy. 2. Allows prefilling of vials which
can be conveniently stored. 3. Although somewhat more expensive
this procedure allowed economy of time normally spent cleaning
ordinary Warburg flasks. 4. Greater simplicity of handling -
elimination of volumetric transfers e.g. removal of KOR from center
well of Warburg flask and the several rinsings necessary to effect
complete removal of trapped Cl%0,. 5. Allowed a greater number
of experiments to be conducted each working day.

It should be erphasized that the procedure described
sbove iz not suitable for use vhen mancmetric methods are employed.
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