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INTRODUCTION

The functions of the sutonomic nervous system are important factors
not only for the maintenance of health but alse the production of disease.
In the normal individual, autonomic nerve activities are balanced to yield
8 homeostatic steady state resisting any change. On the other hand, in
pathophysiological conditions the functions of this system may be s0
altered as to lead to situations far removed fram a constant "normal” state.
For example, the physiological responses of the autonomie nervous system
to slight changes in blood pressure are vastly different fram those occurr—
ing in hypovelemic shock. Also, in psychosomatiec disurders the sipgne and
symptoms of the disease may be due to malfunctioning on the part of the
autonomie nervous system.

Both the normal and the sbnormal behavior of the autonomic nervous
system depend upon endogenously produced chemicals. Because of this faot,
extensive pharmacological study has been carried out in this ares. Through
the use of chemicals (drugs), the effects of the autonomic nervous system
activity may be simulated or mimicked and, therefore, provide a better
understanding of the normal and the diseased mechanisms occurring within
the body.

A drup may be considered & diagnostic or research tool when its use
in the animal body alleows conclusions te be made regarding physiolopic or
pathologic mechanisms of action. Drugs mey be used to unloek certain

physiological activities whose actions are otherwise too subtle to determine.
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Or, they may mimic the sction of neurohumors.® Some drugs may be like a
caricature in nature while others, by way of eontrast, may blook the usual
physiologieal responses, Thus, various druge may be used in interpreting
the activities of the autonomic nervous system in health and disesse.

An interesting aspect of the normel activities of the autonomig
nervous system, as well as the changes in its activity induced by drugs,
is the phenomenon of biphasie activity. The biphasic response is not
exclusive to the autonomic nervous system, but appears to be a general,
universal phenomenon elicited by either endogenous or exogenous drug
action, Through chemical action, the cells (or structures) first appear
to be stimulated, then depressed. For example, the action of nicotine is
predominantly upon the autonomic ganglis, first stimmlating, then depress-
ing it. The biphésiu action of epinephrine on blood pressure ¢an be
demonstrated when small doses of this drug are used, With epinephrine a
transient depressor response ccours first and is rapidly followed by a
short-lasting pressor response. This is followed by ancther depressor
response besfore the blood pressure returas to normal, Theoretically,
this biphasic effect on blood pressure is brought asbout by the intarpiay
of epinephrine on two different sutonomic nervous system effector receptors}
the alpha (stimalatory) and the beta (inhibitory) receptors,

#A neurchumor may be defined as a chemical substance formed in a
neuron and is able to activate neighboring neurons or muscle. Such
materiale are acetylcholine, epinephrine, nor-epinephrine, and, possibly,
serotonin and isoproterenol,

While terms such as neurohormone and tranmmitter substance may be
uged to define these substances, the term neurchumor is used here as &
more specific term %o rale out any possible confusion with endecrine
hormones,
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The biphasic action elicited by epinephrine also may be shown by the
changes in blood glucose occurring in the dog when epinephrine is infused
after adremergiec blockade. When one type of an adrenergic blocking agent
(alpha sympathetic receptor bloeker) is injected prior to epinephrine
infusion, & potentiated epinephrine-induced khyperriycemis resulis,
Corversely, prior injection of another type of blocking agent {beta sym=-
pathetic receptor blocker) results in a distinet inhibition of the epin~
ephrine-induced hyperclycemia. Apparently, epinephrine-induced hypergly-
cemia depends upon the inteprity of beta receptor sites and when these
are blocked, hyperglycemia is inhibited.

The interaction of the two adrenmergic receptors in response to epin-
ephrine infusion is quite complex. They may both be stimulated or depressed,
Also, the effects mediated by epinepbrine on the liver receptors may not
necessarily be similar to the effects on the muscle receptors.

A further point of possible eclarification of the nature of these
receptor effects is offersd. In experiments where epinephrine is used
with either type of blocking agent, the response shown in the blood plucose
level (either a potentiated or inhibited hyperglycemia) presumably results
from the interaction of epinephrine on the liver and the muscles, That is,
the hepatie production and peripheral utilization of bloed sugar may be
increased or, at other times, one function may be inersased while the
other is decreased.

By using sympathomimetic emines and adrenergic blocking agents as

tools, experiments may be designed to delineate and evaluate the true



role plaved by these chemicals in altering carbohydrate production and
utiligation. The problem, then, le to determine the effects of
epinephrine, nor-epinephrine and imoproterenol, in conjunction with
azapetine (an nlpha receptor blocking arent) and dichloroisoprotercncl
(BCI) (a beta receptor blocking agent), on the hepstie produetion snd on

the periphberal utilisstion of blood su-ar.

FISTORY

The activities of the autonomic nervous system are mediated by
chenicnl substoncss acting within the brais, in the genglia and at the
neurceffector terminations of autonomic vervese llelease of these
substances leads to stimulation or inhibition of aetivity of the smooth
muscle, of the secretory cells and of.t!*e gardiae muscle. Adninistration
of certain ehemical compounds resrmbling the true neurolumor epirepivine
(sympatbonimetic) cwuses arteriolar smooth mscle contreetion with blood
presgure increase, & thiek copious flow of saliva as well a8 stismuletien
of other seerstory and endoerine cells, and myocardisl stimulation.

The chemiesl compounds responsitle f‘éx* nediatine the mctivities of
the sutonomic nervous system have been extensively studied. In 19231,
Otto loewi (27) reported his studies dealing with the effects of neuvow
humers on specific organs of the bodye In bis elassicel experiment,
Loewl ismolated and perfused the hearts of two froge. After stimulating
the vagus nerve %o one of the hearts and producing cardiae arrest be
found that, by allowing tids perfusion fluid to come in contaet with
the secord beart, it also stopped beating, le assuned that a ehenieal
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substance was libersted from the first heart after vagal stimulation
which he ealled ®Vagusstoff®.

In 1529, 8ir Henry Dale (12) demonstrated that this neurohumor was
acetylehioline. It was finally shown, quite conelueively, that acetylchol-
ine was the chemical mediator at both the sympathetic and at the para-
sympathetic division of the autonomic nervous system (12) (13).

One last area in the autonomie nervous system remained to have its
function explained on a neurchumoral basis. Loewi (27) also had studied
the neuroveffector junction of the sympathetic division of the autonomie
nervous system and demonstrated that stimulation of the sympathetie
fibers leading to the frog's heart resulted in an increased heart rate.
Later, in 1937, Cannon and Rosenblueth (7) showed that a chemical
material was liberated from the postganglionie sympathetie fiber when
stimulated. They identified the liberated substance as a chemiocal
related to epinephrine which they called "sympathin®. Recently (1956),
U. 8. von Euler (18) pointed out that Cannon's "sympathin" is either &
combination of epinephrine and nor-epinephrine or is nor-epinephrine™
alone.

Other compounds discovered in the human and animal body have been
identified as neurchumors. Because of its effective vasoconstrictive

activity, serotonin (S-hydraxytryptamine) is considered as such a compound.

*The prefix nore is derived from the German, Nitrogen ohne Radikal.
When, a8 in isoproterenol, the nitrogen is, in fact, substituted, the
term nore, as in isopropyl nor-epinephrine, constitutes a paradox. Howe
ever, this term is useful in comparing structural similarities.
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Serotonin is found in high concentrations in the hypothalamus. Based
on this discovery, Page (38) postulated that serotonin is a neurchumoral
agent playing @ role in the transmission of nerve impulses within the brain
in a manner analocous to that of epinephrine and acetyleholine.

Other materials have been isolated from brain or nervous tissue and
propesed as having & neurohumoral action. OABA ( gamma amino butyric acid)
(23) possibly acts ss a ecentral nervous system neurobumors Isoproterenol
hes been identified in the adrenal glands of dogs by Lockett (26) although
this report has not been confirmed.

The responses of normal animals to the older neurohbumors has been
described many times. For over half a century it has been known that
epinephrine adminietration to man or animals increases the blood pressure
and heart rate, relaxes the intestinal musculature, increases blood sugar,
and elicits other "alam" reactions. These phenomena are thought to be
due to the specific phamacological effects of epinephrine acting upon
particular target cells. The production of hyperglycemia by epinephrine
is of extreme physiologic importance. It is one of the primary mechanisms
concerned by Cannon's "flight or fright theory” (7). TYet, it is a response
that is not well understood since interpretation of the pharmacologieal
mechanism of sction is hampered by, as yet, ineomplete biochemical inquiryi

One of the first investirators to demonstrate thet hyperglycemis and
glycosuria were produced by injection of epinephrine was Blum (50) in
1901. However, because the extraction of the adrenal gland materisl was
crude and incomplete, it was questionable at that time whether it was

epinephrine or some other material which had caused the hyperglycemia.

% See appendix



Hot until 1948 was it conclusively demonstrated by Schumann (43) that
subcutaneous injections of purified extracts of the adrenal medulla
increased the blood sugar as well as the blood pressure of rabbits and
cats. Besides epinephrine, other sympathomimetic amines have been found
to have hyperglycemie activity. Schumann (43) found that nor-epinephrine
increased the blood sugar in cats although not to the same degree as an
equivalent amount of epinephrine. In 1953, Trendelenberg (L8) found
epinephrine 5.4 times more active than sor-epinephrine as a hyperglycemie
agent.

Other congeners of epinephrine produce hyperglycemia. Some
investicators believe that isopropyl nor-epinephrine {isoproterenol)
has greater hyperglycemic activity than epiﬁepkrine while others feel
that this drug is mid-way in potency between epinephrine and nor-epine
epbrine (18) (43) (k%) (31).

Biochemically, the effeects of sympathomimetic amines on blood sugaxr
kave been traced to the cyclie interacting functions of the Cori eycle
(Figure 1)« Vhen the Cori (10) cycle is activated by intravenous injectw
lon of & sympathomimetic amine, the following glyeemic changes take place:
(2) a rapid conversion of liver glycogen o sugar which is then liberated
inte the eirculation; (b) the promotion of musele plycogenesis; (¢) the
conversion of muscle glycogen to blood lactic acid which i# then released
into the cireulation, and, (d) the conversion of blood lactic acid to
liver glveogen (hepatie glycogenesis). It hes been found that epinephrine

especially augments reactions (&) and (¢).



FIGUEE 1

ACTIVATION OF THE CORI
CYCLE BY EPINEPHRINE
Adapted frem Harper (7)
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The biochenical machanism of aetion of epinephrine on rarbobvrirate
metaboliom has beem slueidsted by Cori and Cori (10) (11) and Sutherland
and Cort (L7). They obeerved that epinephrine incresses the sctivity of
the enmyme phosphorviese, thersby Cecilitating glyeogen breakdoen. The
glueose thus produced paspes into the vireulation and is earyied to thesa
tiesues whore there is @ meed for inoreased activity and metabolisme

Hore recently von Fuler (18), VriJ et at (12) and MeClure (31) heve
campared the clycemie effects of the thres closely allied sympathoninetie
amines, epinephrine, nor-epinepbrine and isoproterencl. Those workers
noted that the potency of the indueed lyperglycesis was in the following
order: isoproterencl > epinephrine > nor-epinephrine (18) (31) (49).
But, when a compayison of i!m blood pressure activity of tiese anines wes
made, the order was reversed, i.e., nor-epinephrine > epineptrine >
isoproteremol (18) (31) (L9}« It should also be pointed out that the
effocts of these thyee druge on eapiliary swooth muscle differ. Norw
epinephrine causes grose vescular constriction while epinephrine and
isoproterenol produce varying degrees of vesodilation (21)s As yet, no
explanation for these eirculatory sctioms have been advanced.

Even more complicated is an interpretation of the effects oliecited
by adrenergic hloeking agonts on sympathemimetic amine-induced hyperw
glycenia. This problem was mentioned previously when it was pointed out
that prier adninistration of adremergic blocking apents sltered
epinephrine responses in no set uniform “askionm. With yespeet to the
mechanieme concerned when blocking arents interfere with epinephrines
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induced hyperglycemia, Drill (15) states, "The available evidence is not
adecuate to allow a definite statement that suppression of epinephrinee
induced hyperglycemia is dve to a specifie adrenergiec blockade comparable
to that occurring in swmooth muscle”. |

Many workers have attempted to explain the underlying pharmacologie
mechanisms concerned when blockade of the effects of sympathomimetie
amines occurs Probably the first to enter into this incuiry was Dale (12)
in 1906 He found that prior administration of an ergot alkaloid not only
blocked the blood pressure increase caused by epinephrine but also, in
some cases, reversed it. From these findings, Dale (12) postulated that
epinephrine has a dual role in its effeet on bleod pressure: one to
inerease blood pressure, and the other, to decresse it, The same type
of response may oceur when adrenergic blocking agents are used to block
other actions brought about by synpathomimetic amines =~ inelﬁding, in
some instances, the glycogenolytic effeet. The following table (Table 1)
illustrates the confusion which hae arisen ss a result of various
experimental studies on the effects of adrenergic blocking agents on
sympathomimetie amine=induced hyperglycemia.

A comparison of the data in Table 1 with that in Table 2 reveals
that most of the effects of adrenergic blocking compounds ars a blockade
of the induced response.

The effects, however, of adrenergie blocking agents on the increased
blooed glucose concentration brought about by sympathomimetic amines do
not follow this regularly blocking pattern. While blockade of the induced






TABLE 1

EFFECTS OF ADRENERGIC BLOCKING AGENTS
O ADRENERGIC-ININUCED HYPERGLYCEMIA



TABLE 2

EFVECTS OF ADRENEROIC BLOCKING ACEMTS ON
VARIOUS ALRENIBGID-INDUCED PHENGMENON
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hyperglycemia ocours with dihydreergotamine and vohimbine, it does not oeceur
with telagoline., With ergonovine and asapetine, potentiation of the induced
hyperglycemia takes place.

Returning to a consideration of the varying effects elicited by the
sympathomimetic amines alone, only a few theories have been offered to
explain these phenomena. Cannon and Rosenblueth (7) (1937) were the first
to propose such an explanation. They postulated that the pressor and
depressor effects of epinephrine occurred in the following mannert when
epinephrine wae either liberated from the postganglionic sympathetic neuron
or injected into the animal, an elaboration of one of two substances from
the effector cell resulted. This material was called Substance E or Sube
stance I, and in conjunction with epinephrine caused the effect observed:

Epinephrine + E (exeitatory substance) —> Sympathin E

Epinephrine4 I {inhibitory substance) —> Sympathin I

One example of this action might be the response seen from the action
of epinephrine on smooth musele. According to Cannon and Rosenblueth (7)
epinephrine acting on smooth musele of arterioles would lead to the elabo-
ration of Substance E which, in turn, would combine with epinephrine to
forn"Sympathin E". An excitatory action or contraction of the arteriole
would then oecur. On the other hand, the effect of epinephrine on the sut
would lead to the elaboration of Substance I and the formation of

"Sympathin I* resulting in relaxation of the gut. Although this theory
was developed twenty-five years ago it still remains as a possible expla-
nation of the mechanism of action of sympathomimetic amines.
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Dale's (12) earlier use of ergot te reverse the pressor effect of
epinephrine was, no doubt, very instrumental in the development of this
theory., Cannon and Rosenblueth postulated that ergot either inactivates
epinephrine or makes it unavailable to the effector eell so that
Sympathin E eould not be formed. As a result, the opposite effect,
that is,the ‘ormation of Sympsthin I, would take place with a resultant
inhibitory actiom.

Objections to this theory are that both Substances E and ¥ and
Sympathin E and I have never been shown to exist. In fact, von Fuler (18)
has shown conclusively that the material liberated at the neuroeffector
Junetion of the sympathetic division of the autonomiec nervous system is
nor-epinephrine aleng with, perhaps » & very small quantity of epinephrine.
Furthermore, the time element necessary would be too long for epinephrine
to cause the elaboration of one of the two "substances™ and then for this
substance to mix with epinephrine to form a "svmpathin® to cause the ree
Bponse.

Recently, Ahlquist (1) modified Cannon and Rosenblueth's theory of
the dual effect produced by epinephrine. Ablouist's novel proposal is
that endogenously produced or exopenously administered sympathomimetic
amines act by impinging upon two types of cellular effector receptors.
Ablquist has named the receptor effecting an excitatory action the alpha
and the one responding with an inhibitory action the beta receptor,
Figure 2 (20) is a schematic 1llustration showing the postganglienic

sympathetic nervous system innervation of an artery as proposed by Ahlquist.



FIGURE 2

SCHEMATIC DIAGRAM OF THE VARIOUS RECEPFTORS IN
THE SMOOTH MUSBCLE OF THE WALL OF A BLOOD
VESSEL AND OF THE SITES AT WHICH
ADRENERGIC BILOCKING AGENTS ACT
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The now classical work of Ahlquist dealing with the alpha and beta

receptors was first carried out on the blood pressure responses to syme
pathominetic amines. The following diseunssion is a detailed analysis of
the present-day theory of Ahlquist desling with the blood pressure.

When a sympathetic neuron leading to¢ a emooth musele of an arteriole
is stimlated by & faradic current or an injection of epinephrine is given,
simultanecus stimulation of both the alpha and the beta receptors in the
area occurs. According to Ahlquist the beta reeeptor is more selective or
sensitive to epinephrine than is the alpha receptor. However the slpha
(stimulating) receptors exhibit the predominant effect on the arteriole, =
contraction of its smooth musele. This may be explained by referring to
Figure 3.

After an intravenous injection of 5 mege per kilogram of epinephrine
in the dog, a transient depressor effeect first oecurs. This is then folw
lowed by an abrupt rise in blood pressure, the megnitude being directly
propertional to the dose. Finally,there oecurs a short-lasting seeondary
fall in the blood pressurs. Basing this responge on the alpha-beta recep-
tor theory, the following explanation is offered:

1. The immediate response on the blood pressure by epinephrine is a
perceptible fall, Tuis response might be due to central stimulation of
the medullary areas by epinephrine, increase in vagal activity resulting
in deereased heart rate, and the hypotension. However, in dogs, pre=-
treatment with atropine failed to block this primary decrease in blood

pressure. Apparently, epinephrine, per se causes this primary hypotensive



FIGUER 3

EFFECT OF EPINEPHRIME (S mog./kg.)
N THE ARTERIAL BLOOD PRESSURE OF THE DOG
(Paper speed 0.5 mm, per second)
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effect. Phamaoologlieslly, the response is produced by the first few nolsew
cules of epinephrine srriving &t the site and stimulating or activating the
more sensitive receptors of the beta class. This results in an immediate
arteriolar vascdilation with concomitant decrease in the blood pressure.

In addition, further evidence was shown by Cobbold, Ginsburg and Paton (8)
that the mean foreamm blood flow in humans firet increased and later
decreased with an infugion of 2 mez. per mimute of epinephrine, the flow
indicating vasodilation and vasoconstriction, respectively. Here the beta
receplore toke priority over the alphs receptors in the effect produced.
2. 'The alpba receptors now come inte play &s more epinephrine is
made available. The stimulating action elicited by the alpha receptors
overwhelms the beta depressor effect resulting in an increass in blood
pressure. During the exhibition of the pressor effect, all the receptors,

both alphs and beta, are being sctivated by epinephrine.

3« Aceording to the alpha~beta receptor theory the secondary de-
pressor response seen after an injection of epinephrine oceurs because the
activity of the alpba receptors decays at a more rapid rate than that of
beta receptors. When the majority of the &alpha receptors have lost
their activity, the beta, or depressor, receptors still remain active and
now cause vasodilation. That this hypotension is not due to chanpges in
heart rata can be shown in eleectrocardiographic tracings. In addition,
vagal block by atmpine does not alter the response.

Farther support of the alpha<beta receptor theory is provided by the
intravenous injection of extremely small smounte of epinephrine (0.25 REge

per kilogram) which results in only a depressor response. This may be
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explained by the greater sensitivity of the bsta receptor for epimephrine.
48 the dose of epinephrine increases the initial transitory depressor
response is followed by a gradually inu-iuiu presﬁr response. Not
only are the beta receptors more sensitive than the glpha roc-ﬁtara to
epinephrine biat théy are lese mﬂ.r fatigued as demonstrated by the
ae#end depressor response which follows the alpha receptor pressor effect.

S5till further support of Ahlgquist's alphs and beta receptor theory

may be seen when an adrenergic blocking agemt (asapetine) is used prior
to epinephrine injection in the experimental animal. In this case the
response to epinephrine is a decreased blood pressure, i.e., a blood
pressure reversal as shown in Figure 4. This response alwayes occurs pro-
vided the dose of epimephrine is not excessively large. A pharmacologic
explanation of the blood pressure reversal effect is that the adrenclytie
agent, asapetine, blocks only the alpha receptors thus permitting the
beta receptors to become fully activated. Moreover, as depicted in
Figure L, & potentiation of the depressor response results, indicating
that epinephrine possesses the ability to exhibit an extensive beta
receptor stimmlation.

| When the action of alpha adrenergic blocking agents on the pressor
effects of other sympathomimetic amines is compared with that on the
epinephrine response, a scmewhat similar effect ocowrs. With nor-spinephrine
and the blocking agent, the response shown in Figure 5 takes place. The
differences in the responses shown in Figure 4 from those moted in Figure §
may be due to the fact that nor-epinephrine exhibits neither a primary nor

& secondary depressor response when given in dosages ranging from 0.025



FIGURE L

EFFECT OF EPINEPHRINE (% mog./kg./min,) ON THE
ARTERIAL BLOOD PRESSURE OF THME DOG BEFORE AND
AFTER BLOCKADE OF THE ALPHA SYMPATHETIC RECEPTOR
BY AZAFBTINE (2 mg./kg.)

(Paper speed 0.5 mm, per second)
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FIGURE 5

EFFECT OF NOR-EPINEFHRINE (20 meg./kg./min,)

ON THE ARTERIAL BLOOD PRESSURE OF THE DOG
BEFORE AND AFTER BLOCKADE OF THE ALPHA SYMPATHETIC
RECEPIOR BY AZAPETINE (2 mg./kg.)

(Paper speed 0.5 mm. per second)
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to 1 mgs per kilograme This indicates that norwepinephrine predominentiy
stimulates alpha receptors and relatively few beta receptors. However,
when the blocking agent is used, enough beta receptors arestimulated to
bring about some decrease in the pressor effect of nor-epinephrine.

Ancther sympathomimetic amine, isoproterencl, shows only a depressor
effect on the blood pressure when given alone., If an alpha receptor
blocking agent (asapetine) precedes an injection of isoproterencl, the
depressor response is further intensified as shown in Figure &. Apparently,
the predeminant effect of isoproterencl is %o stimulate the beta receptors.
The potentiated depressor response taking place with isoproterenol after
asapetine indicates that the latter drug acts only on the alphe receptor,
allowing the beta receptors to come into full play. However, isoproterencl
also has some alpha receptor activity since there is less depressor response
when it is used alome than when it is used with amapetine.

It has been known for many years that some of the ergot alkaloids
block the stimulating action (alphas response) of sympathomimetic amines on
smooth muscle (Figure 7). Only recently, however, have compounds producing
blockade of the inhibitory action (beta respomse) been available. In 1957,
Powell and Slater (39) found, while working with the halogenated

P-pherq}.ethylmmas » that the diechloreo analogue of isoproterencl

{dichloroisoproterenol or DCI¥) (Fisure 7) selectively blocked the depresaor

*For brevity the aymbol DCI hereafier ussd will indicate
dichloroisoproterencl.



FIGURE &

EFFECT OF ISOPROTERENOL (1 meg,./kg./min,) ON THE
ARTERIAL BLOOD PRESSURE OF THE DOG BEFORE AND
AFTER BIOCKADE OF THE ALPEA SYMPATHETIC RECEPTOR
BY AZAPETINE (2 mg./kg.)

(Paper speed 0,5 mm, per second)
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FIGURE 7

CHEMICAL CONFIGURATION OF 1HE
ALFHA ARD BETA SYMPATHETIC
RECEPTOR BLOCKING AGERTS



2l
ADRENERGIC NERVOUS SYSTEM BLOCKING DRUGS

HN

COMPOUNDS BLOCKING ALPHA RECEPTOR SITES
NATURAL COMPOUNDS

N
A =" N~COOH
== l;l { p CH,0H
CHy HzC—N c—ﬁ—(IJH
CH3
Lysergic Acid Ergonovine Yohimbine
ﬁ HALOALKYLAMINES
TRy :
®
HoOH\ W H H\ H H
N—C—C—Cl N-C—C-cCl
R/ H H W/ H H
c O
H H

Phenoxybenzamine NN' ~dibenzyl-g-chloroethylamine C|

IMIDAZOLINES DIBENZAZEPINE
HO
oW - OO
N N
H H
N—C-< c{
H3C@/ H H i
HC = CH,
Phentolamine Tolazoline Azapetine

COMPOUNDS BLOCKING BETA RECEPTOR SITES
OH

cl
cl HNYCH3

CHs

Dichloroisoproterenol (DCI)
Figure 7



in both doge and cats in doses of DCI varying from 1 to 10 mg. per kilogram.
Por illustration, the effects of DCI on the blood pressurs responses of
epinephrine, nor-spinephrine, and isoprotersnol are shown in Figure 8.

It 1s to be noted that changes in the epinephrine pressor responses
after DCI ldminiatfatian are opposite to those which follow an glpha
receptor blocking agent. (See Figures L, and 8.) The alpha receptor
blecking agent obliterates the pressor responses, while the beta
receptor blocking agent effeces the depressor responses to the sympatho-
mimetic amines. This is in seccordance with Ahlouist's theory.

Other responses to sympathomimetic amines after pretreatment with
DCI have been reported. Powell and Slater (39) slso observed that the
relaxation of the uterine mscle brought about Ly isoproterencl was
either completely blocked or substantially reduced by DCI. They also
showed that this beta receptor blocking compound completely blocked the
inhibitory effect of epinephrine on rabbit intestinal sitrips. Ome other
effect brought about by DCI may have some sipnificance in the cardiovascular
area. MNMoore and Swain (33) have demonstrated that DCI prevents ventricular
fibrillation when epinephrine was administered afier l=phenyle-l=-
dimeﬁhylnminaeﬁhyl propriephenone hydrochloride. All of these responses
have been discovered within the last three to four years.

In 1958, Moran and Perkins (35) showed that other compounds besides
DCI possessed beta receptor blocking activity. They found that the

diechloro analogues of epinephrine and nor-epinephrine have a similar



FICURE 8

EFFECT OF EPINEPHRINE (5 mog./kg./min.), NOR-
EPINEPHRINE (20 moge/kg./min,) AND ISOPRO-
TERENOL (1 meg,/kg./min,) ON THE ARTERIAL
BLOOD PRESSURE OF THE DOG BEFORE AND AFTER

BLOCKADE OF THE BETA SYMPATHETIC RECEPTOR BY

DICHLOROISOPROTERENOL (DCI) (10 mg./kg.)
(Paper speed 0.5 mm. per second)
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but less pronounced beta reeceptor blocking aetion than the isoproterencl
analogue, DCI.

It was previously shown in Table 1 that the slpha receptor blocking
agents produced varying effects on sympathomimetic smine-induced hyperw
glycemia. These variations may be due to 8 mumber of factors; the primary
one being incomplete receptor blockade. Apparently, this occurred when
enly alpha receptor bloeking agents were used. Therefore; it seemed to
this author that more definite infermation as to the true effects of the
alpha and beta receptors on sympathomimetic amine-induced hyperglycemia
could be provided by using a2 beta receptor blocking agent. Accordingly,
preliminary studies were undertaken by the author to determine the
feasibility of this proposal. Using blood samples obtained from the
femoral veine of dogs it was found that DCI consistently inhibtited the
hyperglycemia induced by epinephrine, noreepinepkrine or isoproterencl.

Mayer and Moran (28) have suggested 2 possible explanation for this
inhibitory effect on DCI. They state that DCI, when given in doses of
7 mge per kilogram prevents the activation of phosphorylase by epinephrine
when the latter drug was infused at a rate of 1 meg/Kg/mine. Their proof
stems from the fact that when epinephrine is infused intravenously at
this dose for 15 minutes in dogs, the blood glucose level 1s elevated
by 60 mg.per cent. After 7 mg/Kg of DCI the blood glucose response to
the epinephrine infusion was reduced to 18 mg. per cent. These fipures
are in rough agreement with cur preliminary study: The glucose values

for sach of these studies were obtained from venous samples. (29).



28

It was further shown that azapetinc(an alpha receptor blocking agent)
enhances the glycemic effect of the amines (31). It was felt that these
two adrenergic blocking compounds could be used as tools in conjunction
with epinephrine, nor-epinephrine and isoproterencl to reveal the true
mechanism of action of sympathomimetic amine~induced hyperglycenia,

Since arterial blood samples might have s hisher concentration of
supgar, there is some doubt that tﬁe change eliecited in the venous samples
are representative of the changes in the arterisl samples. The question
thus arisest since phosphorylase activation probably plays a role in the
hyperglycemic action of sympathomimetic amines,does dichloroisoproterencl
(DCI) inhibit sympathomimetic amine~induced hyperglycemia and does apapetine
potentiate the effect? If this were true then the responses produced would
be mediated in the following way:

Sympathmimetic anine + assapetine:

| alpha receptor blockade
action SR
ﬂ beta receptor stimulation and activation

I
result <l potentiated hyperglycemia

| inereased hepatic output of blood sugar
mechanism < decreased peripheral utilization of sugar
| 2 combination of the two
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Sympathomimetic amine + dichloroisoproterencl:

| beta reeceptor blockade
alphs receptor stimmlation and activation

action

result <i inhibited hyperglycemia

| decreased hepatic output of blood sugar
mechanism < inoreased peripheral utilisation of sugar
|a combination of the two
The purpose of this research is, them, to determine the mechaniem
of action of sympathomimetic-asapetine potemtiated hyperglycemia and of
syspathomimetic~dichloroisoproterencl inhibited hyperglycemia. This
then would lead to the amswer of the guestion: to what degree do the
alpha and beta receptors play in the production and utilisstion of blood
sugar?



METHODS AND MATERIALS

Forty-one male and female mongrel dogs weighing between 11 and 18
kilograms were used in this study. Each dog was fasted 18 to 2. hours
before an experiment. The animals were anesthetized with pentobarbital
sodium, 35 mg. per kilogram, intravemously. Supplemental doses were
administered when needed. Each dog was used twice; once for the peripheral
glucose utilization experiments and onse for the hepatic glucose production
experiments. The animals were allowed to rest, with water and food ad
dibidum in the interim of a week to tem days. After induction of
anesthesia, the animals were tied in a supine positicn on a V-shaped dog
board. The areas overlying the vessels to be catheteterized were shaved,
washed and incised under nom-sterile technigue. After the first experiment
had been completed the vessels were tied off, the area cleaned and the
incision closed using 000 silk suture. The animals were then given an
intramuscular injection of a tetracycline antiblotic and removed to the
animal quarters.

To elucidate the mechamism of action of adrenergic blocking drugs in
relation to glycogenic processes, epinephrine, nor-gpinephrine or
isoproterencl was infused intravenmously at a constant rate. Similar
experiments were rum in the same dog after adremergic blockade. The
adrenerglc blocking compounds used were agapetine (alpha adremergic
receptor blocking compound) and dichloroisoproterencl (beta adremergic
receptor blocking compound). The chemieal configuration of the compounds
are shown in Figure 9.



FIGURE 9
DOSES AND CHEMICAL CONFIGURATIONS OF THE
SYMPATHOMIMETIC AMINES AND THE ADRENERGIC
BLOCKING AGENTS USED 1M THIS STUDY
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these adrenergic agents may activate the alpha and beta receptors in the

liver to different degrees. As previously mentioned, epinephrine activates
both glpha and beta receptors, nor-epinephrine activates predominmantly alpha
receptors and isoproterencl activates predominantly beta receptors in relation
to smooth muscle. It will be shown later how these compounds effect the
hepatic receptors.

Table 3 shows the doses of azapetine and DCI which are effective when
epinephrine, nor-epinephrine and isoproterencl are administered in the
respective doses shown. The doses of the sympathomimetic amines were chosen
primarily for their kmown effectiveness in producing an inecrease in blood
sugar with secondary comsideration to their effect on blood pressure. The
variation in dosage for these three amines indicates that isoproteremcl is
an extremely potent hyperglycemic agent, epinephrine causes a moderate
inerease in the blood sugar while nor~epinephrine is a relatively poor
hyperglycemic agent. These three naturally oceurring adrenergic neurchumors
were chosen for study because they exhibit their differences as hyperglycemic
agents to & well defined and marked degres.

The dose of agapetine conforms to that used clinically. The dose of
DCI is the same as that used by Moram and Perkims (34) who found that |
dosages between 7 and 15 mg. per kilogram lead to complete blockade of the
beta receptors in the heart and smooth muscele.

In order to elucidate the hyperglycemic activity of sympathomimetic
amines it was mecessary tc determine the production and utilization of
carbohydrates under the experimental conditioms. FPor determination of the



TABLE 3
DOSES AND RECEPTOR ACTIVITY OF
THE DRUGS USED IN THIS STUDY



TABLE 3
DRUG DOSE KECEPTOR ACTIVITY
Epinephrine 5 moge/kg./mine  L-Gstimlation
Hor-epinephrine 20 mog./kg./min. ol stimlation
Isoproterencl 1 moge/kg./min,  stimmlation
Asapetine 2 mg./kg. J_blockads
53 10 mg./kge /3 blockade

33
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blocd sugar uptake from muscles the blood samples were taken from the
femoral artery and femoral vein of the left hind limb of the dog. For
estimation of the amount of blood sugar preduction, samples were obtained
from the hepatic vein and the aorta in the vicinity of the hepatic artery
bifurcation. Also, the possibility existed that infusion of the
adrenergic drugs might ecause changes in the sisze of the blood vessels and
this would have some effect on the blood sugar content in & particular
sampling eresa. Thus, there arose the neecessity for the measurement of
blood flow in addition to blood sugar.

The amount of sugar emtering the liver by way of the portal vein has
been studied quite extensively by Sherlock (44). She states that under
fasting conditions, the role played by the intestines in delivering carbo-
hydrate to the liver is very small and that the difference between the
blood sugar comtent found in the hepatic vein and in the hepatic artery
can be taken to represent hepatic metabolism. Sherlock's work colmcides
with that of Bondy, James and Farrar (5). These workers kept their
patients in a basal state in order to reduce the metabolieom of the extra
hepatic tissues and thus to achieve a ¢lose approximation of the activity
of the liver itself. Since our animals were fasted from 18 to 2. hours,
we assumed that there was little likelihood of any significant quantity
of carbohydrate material emtering the liver via the portal system from
absorbed glucose. Therefore, we considered it unnecessary to determine
the blood sugar content and the blood flow of the portal veim.
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To determine the peripheral utilization of blood sugary 2 lefd
inguinal eut-down was performed on an anesthetized dog exposing both the
femoral artery and vein. Following an intravenous injection of heparin
sodimm (2mge/kg.), the femoral artery was catheterized with a h-inch
piece of pelyethylene tubing whieh approximated the dismmeter of the
artery. Attached to the proximal end of the polyethylene tubing was a
piece of rubber tubing, one inch in length, used to obtain blood samples
for blood sugar determination and bleod flow detemmination through the
leg.

One cce for blood sugar determination™ was taken from both the
femoral artery and vein at 28 nearly identiecal times as possible and
coincident with a blood flow determination. The latter was carried out
by allowing bloed to drain into 2 class graduate (marked in cubie
centimeters) for five seconds. The blood flow per mimute was calenlated
from this fipure and finally tre blood flow on & ces/kpe/min. basis was
computed. The blood that was removed from the animal for the blood flow
determination was reintroduced into the left cephalic v<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>