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The “target organ” theory of irreversible
shock (1, 2) includes the premise that hypo-
tension, regardless of etiology, triggers the
release of endogenous catecholamines. These
agents are vasoconstrictors in the gut. Sus-
tained intestinal ischemia is associated with
escape of enterotoxins into the systemic cir-
culation. The hypotensive episode is made
worse and a vicious cycle is established. Al-
pha adrenergic blockade has been advocated,
therapeutically, to interrupt this sequence of
events, and the drug of choice has been
phenoxybenzamine (1, 3). A new alpha
adrenergic antagonist, S-2 [5-(aminopentyl)
amino] ethyl phosphorothioic acid (Walter
Reed Compound 2823), has been reported to
confer greater protection than phenoxyben-
zamine in experimental shock (4-7). Since
phenoxybenzamine has been shown to reverse
the mesenteric vasoconstrictor effects of
epinephrine but not norepinephrine (8), the
ability of the new adrenergic antagonist to
protect the gut from the endogenous
catecholamines becomes pertinent to this tar-
get organ theory.

The present study was designed to assess
the alpha adrenergic receptor blocking prop-
erties of WR-2823 in the mesenteric circula-
tion of anesthetized dogs. The effects of the
four classical adrenergic amines (norepineph-
rine,  epinephrine,  isoproterenol,  and
phenylephrine) on mesenteric hemodynamics
were compared before and after alpha
adrenergic blockade with WR-2823 and beta
adrenergic blockade with propranolol.

Materials and Methods. Mongrel dogs of
either sex, weighing 15-25 kg, were used in
these studies. Under Nembutal anesthesia, 30
mg kg~?, the superior mesenteric artery was
exposed through a midline abdominal in-
cision. The transducer (In Vivo Metric Sys-

tems) of an electromagnetic blood flowmeter
(Biotronex Laboratory) was placed on the
artery near its origin. The flowmeter was cali-
brated in vitro and in vivo with whole blood.
The first branch of the artery was cannulated
with a polyethylene (PE-20) catheter for
intra-arterial drug administration. A hy-
draulic occluder (9) was placed on the artery
distal to this branch and used for zero blood
flow determinations. The aorta and portal
vein were cannulated (PE 160) via distal
branches. Pressure recording catheters were
attached to transducers (Statham) which
were calibrated manometrically before each
experiment. Resistance across the mesenteric
vascular bed was calculated from the equa-
tion: (arterial—portal venous pressure)/
blood flow and expressed in peripheral resist-
ance units (PRU).

The following adrenergic agonists were em-
ployed in this study: norepinephrine bitar-
trate (Winthrop), epinephrine hydrochloride
(Gold Leaf Pharmacal), isoproterenol hydro-
chloride (Winthrop), phenylephrine hydro-
chloride (Winthrop). The drugs were diluted
in the saline so that a volume of 0.01 ml
kg—1 of body weight, would deliver the de-
sired dose. An equal volume of saline was
used to flush the catheters following each
injection.

Selection of an appropriate dose for the
adrenergic agonists was based upon results of
four experiments in which the effects of in-
tra-arterial norepinephrine and epinephrine,
upon mesenteric blood flow, were compared
before and after treatment with WR-2823, 50
mg kg—1, iv (4, 6, 7, 10). Four doses of each
catecholamine ranged logarithmically from
1073 to 10° pg kg—'. At a dose of 107! pg
kg1, the two catecholamines gave the largest
reproducible response without significantly
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altering central hemodynamic events. This
dose was accordingly selected for subsequent
studies of the four agonists (mol wt range,
169-211). An additional dose of epinephrine,
1.0 pg kg—', was injected intravenously to
verify that WR-2823 induced ‘“‘epinephrine
reversal” of arterial pressure.

In five experiments, the effects of the four
adrenergic amines upon mesenteric hemody-
namics were compared before and after
adrenergic blockade. Adrenergic agonists
were injected in the following sequence:
norepinephrine, epinephrine, isoproterenol,
and phenylephrine. This sequence was re-
peated after alpha adrenergic antagonism
with WR-2823 and again after beta receptor
blockade with propranolol (Ayerst Laborato-
ries, 0.5 mg kg—1, iv).

In each series of experiments sufficient
time was allowed between injections for all
measured parameters to return to the prein-
jection levels. Sixty minutes were allowed for
alpha adrenergic blockade to take effect and
15 min for beta adrenergic blockade (8).

The results were expressed in terms of the
mean == standard error and their significance
was assessed with the ¢ test for paired data
(11).

Results. Dose-response study. As the dose
of either norepinephrine or epinephrine was
increased, there was a progressive decrease in
mesenteric blood flow (Fig. 1). Norepineph-
rine was a significantly (p<.02) greater
vasoconstrictor than epinephrine at a dose of
10-1 pg kg—'. Following alpha adrenergic
blockade with WR-2823, the dose-response
curves for each amine were shifted to the
right. At all but the highest dose of agonist,
the vasoconstrictor responses to each amine
were significantly (p<C.01) decreased by
adrenergic blockade. WR-2823 caused epi-
nephrine reversal of both arterial pressure and
mesenteric blood flow in these experiments.
Before adrenergic blockade (Fig. 1, inset)
epinephrine (1.0 pg kg1, iv) increased ar-
terial pressure 18 == 13 mm Hg above the
control value (p<.05). Following WR-2823
epinephrine decreased pressure 34 = 7 mm
Hg below control (p<.02). Intra-arterial in-
jection of the two lowest doses of epinephrine
produced small vasodilator responses follow-
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F16. 1. Effects of norepinephrine and epinephrine
on superior mesenteric artery blood flow before and
after treatment with WR-2823 (50 mg kg™):
(ordinate) the absolute change in blood flow; and
(abscissa) drug dosage in logarithmic progression;
(inset) the aortic pressure response to intravenous
epinephrine before and after WR-2823 treatment;
(*) norepinephrine responses significantly greater
than epinephrine responses both before ($<.02) and
after (p<<.05) WR-2823. Each point is mean + SE of

4 experiments in 4 animals.

ing WR-2823. Reversal of flow was not seen
with higher doses of epinephrine or with any
dose of norepinephrine.

Catecholamine Injection Study. During the
control period mesenteric blood flow was 415
= 53 ml min—1, arterial pressure was 126 =+
5 mm Hg, and portal pressure was 6.2 == 0.7
mm Hg. Calculated resistance was 0.29 PRU
(Fig. 2). The intra-arterial injection of nor-
epinephrine reduced blood flow to 90 =+ 25
ml min—!in 15 sec; blood flow then increased
to 537 = 69 ml min—! at 45 sec. Epineph-
rine decreased blood flow from 385 =+ 45
to 96 == 23 ml min—?', and this decrease in
flow was followed by an increase to 490 = 68
ml min—! in the same time periods. Isopro-
terenol caused an initial decrease in flow
(337 + 40 to 274 = 42 ml min—!) at 10 sec
following which flow increased to 615 = 68
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F16. 2. Mesenteric hemodynamic responses to intra-arterial injections of norepinephrine (N),
epinephrine (E), isoproterenol (I), phenylephrine (P), and intravenous injection of epinephrine
(E*). Data are presented before and after alpha adrenergic (WR-2823, 50 mg kg™) and beta
adrenergic (propranolol, 0.5 mg kg™) blockade. Mesenteric blood flow, arterial and portal pressure
values represent the mean == SE of 5 experiments in 5 animals. Vascular resistance was calculated.

ml min—! at 20 sec. Phenylephrine injection
reduced blood flow from 331 =+ 38 ml min—?
to 198 == 13 ml min—1! in 15 sec. There was
no secondary dilator response.

The intra-arterial injections did not signifi-
cantly affect arterial pressure; slight changes
in portal pressure were observed and reflected
the marked changes in blood flow. Calcu-
lated resistances thus reflected changes in
blood flow. In contrast the intravenous injec-
tion of epinephrine (1.0 wg kg—1!) caused
mesenteric vasoconstriction, as well as a sig-
nificant increase in both arterial and portal
pressures.

Post alpha adrenergic blockade with WR-
2823. Following alpha receptor blockade with
WR-2823, the vasoconstrictor response to
norepinephrine was significantly (p<.01) less
than that observed before adrenergic block-
ade. Blood flow decreased from 380 == 31 ml
min~—! to 149 = 6 ml min—? at 15 sec and
then increased to 474 = 41 ml min—'. Not
only was the magnitude of the epinephrine
response reduced but it was shortened to ap-

proach the 10 and 20 sec time intervals char-
acteristic of the response to isoproterenol.
Epinephrine reversal of blood flow was not
observed in this series of experiments. The
initial vasoconstrictor phase of the response
to isoproterenol was attenuated by WR-2823;
potentiation of the dilator component of the
response was not observed, however. The in-
tra-arterial injection of phenylephrine, fol-
lowing WR-2823, evoked a slight but signifi-
cant (p<.05) increase in blood flow (383 ==
30 to 439 == 28 ml min—1). The vasoconstric-
tor response which followed the intravenous
injection of epinephrine was significantly
(<C.05) less than that seen prior to WR-2823
treatment. This large dose of epinephrine
reversed arterial pressure in a magnitude sim-
ilar to that observed in the dose-response
study (Fig. 1). The changes in arterial pres-
sure recorded in Fig. 2 are smaller than the
maximal responses observed because each
point indicates a value for pressure which
coincides in time with the change in flow in
order to calculate accurately the simultane-
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ous value for resistance.

Post alpha and beta blockade responses.
Epinephrine reversal of blood pressure per-
sisted throughout the series of injections
which followed WR-2823. The final injection
(epinephrine, 1.0 ug kg7, iv) caused a vaso-
depressor response which lowered arterial
pressure significantly (<.02) below the con-
trol value. Since WR-2823 has a prolonged
duration of action (7), addition of proprano-
lol, in an appropriate dose (8), should have
resulted in blockade of both receptors. In this
setting, norepinephrine, epinephrine, and
phenylephrine, along with intravenous epi-
nephrine, vasoconstrictor responses simulated
those observed during the control period. The
intra-arterial injection of isoproterenol ex-
hibited “reversal” of blood flow. That is,
blood flow was reduced from 457 == 37 to 389
=+ 40 ml min—!. The apparent restoration of
alpha receptor activity associated with beta
receptor blockade is indicated by the calcu-
lated resistance changes which approached
those observed before adrenergic blockade.

Discussion. 'The alpha adrenergic blocking
properties of WR-2823 have been previously
documented (4, 6, 7, 10). Our demonstration
that WR-2823 reverses the arterial pressure
response to epinephrine confirms this earlier
work. These effects of the new compound on
arterial pressure indicate that, as an alpha
adrenergic antagonist, WR-2823 compares fa-
vorably with phenoxybenzamine. Comparison
of the mesenteric circulatory effects of the
two drugs indicates that the new agent con-
fers less protection from the vasoconstrictor
effect of the catecholamines, than does
phenoxybenzamine. In a previous report (8),
we demonstrated epinephrine reversal of
canine mesenteric blood flow. The pheno-
menon was ohserved over a wide range of
doses of the agonist by pretreatment with
phenoxybenzamine. In the present study, this
phenomenon was seen only at low doses of
epinephrine and the dilator response that fol-
lowed was considerably less than that seen
with phenoxybenzamine. Both adrenergic an-
tagonists attenuated the vasoconstrictor ef-
fects of norepinephrine and the degree of
attenuation in the two studies was compara-
ble.
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The effects of the new agent on mesenteric
circulatory responses to isoproterenol and
phenylephrine are comparable to our obser-
vation with phenoxybenzamine (8). Each an-
tagonist caused phenylephrine reversal of
mesenteric blood flow and attenuated the ini-
tial vasoconstrictor effect of isoproterenol
without potentiating the vasodilator effect of
the agonist.

The therapeutic implications of this study
concern the adrenergic theory of shock. The
latter is thought to adversely effect the gut
due to the vasoconstrictor properties of en-
dogenously released catecholamines. If adren-
ergic antagonism ameliorates shock by pro-
tecting the gut, then phenoxybenzamine
would remain the drug of choice by virtue of
its greater ability to block and reverse the
effects of epinephrine on the mesenteric cir-
culation. The fact that WR-2823 confers
greater protection upon the subject of experi-
mental shock than does phenyoxybenzamine
poses a paradox. If the target organ theory of
shock is to be validated, then an adrenergic
antagonist which best protects the gut from
the catecholamines should be the one associ-
ated with the least morbidity in experimental
shock. The fact that WR-2823 confers
greater protection than phenoxybenzamine in
experimental shock while at the same time
acting as a less effective antagonist to the
mesenteric vasoconstrictor action of norepi-
nephrine and epinephrine suggests two pos-
sible alternatives: either the target organ
theory of irreversibility in shock is inaccurate
or else the locus of action of the new com-
pound in protecting the experimental shock
model is other than the gut. Recent findings
from this laboratory suggest the former al-
ternative is the more likely. Intra-arterial in-
fusions of the endogenous catecholamines
into the canine gut are followed by a very
brief period of vasoconstriction. Autoregula-
tory escape from relatively high doses of
catecholamines occurs within minutes and re-
stores blood flow to near control levels.

Experimental septic shock in the subhu-
man primate has been shown in our own
laboratory, as well as others (12) to be unac-
companied by changes in mesenteric blood
flow despite severe hypotension and death.
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Experimental hemorrhagic shock in the same
preparation is associated with hypotension of
equal magnitude and marked mesenteric
vasoconstriction despite plasma catechola-
mine concentrations that are less than those
seen in endotoxin shock. Neither shock model
in the primate is accompanied by irreversible
changes in the gut as opposed to the findings
of hemorrhage and necrosis in the canine
model.

Summary. The new alpha adrenergic an-
tagonist, WR-2823, causes epinephrine rever-
sal of blood pressure in the anesthetized dog.
The drug attenuates but does not reverse the
mesenteric vasoconstrictor effects of norepi-
nephrine and epinephrine. WR-2823 does
cause phenylephrine reversal of mesenteric
blood flow. Addition of beta adrenergic recep-
tor blockade restores the responses of the
mesenteric circulation to all four adrenergic

agonists to that observed prior to treatment
with WR-2823.
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