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Abstract

Linda L. Shanbour, Robert D. Lindeman, Linda T. Archer,
Su Hsin Tung and Lerner B. Hinshaw

_ Improvement of Réxial Hemodynamics "in Endotoxin ‘Shock

with Dopaminel Phenoxybenzamine "and Dextran

“The effects of dopamine were evaluated on the renal hemodynamics of dogs
in endotoxin sheck. In contl—ol animals receiving endotoxin only, mean systemic
arterial pressure decreased to 60%, renal blood flow decreased to 51%, renal
resistance increased to 116% , glomerular filtration rate decreased to 9% and

urine flow decreased to 18% %:f control values. Pre- and pest-treatment of
"# shocked animals with dopamin}e showed no significant improvements in amy of the
reasured paraineters. Post-tjreatment with a combination of phenoxybenzamine
(1 mg/kg), dextran (20 cc/kg) and dopamine (mean infusion rate of 38 ug/ke/min)
significantly changed the mefasm-ed parameters in endotoxin injectéd animals.

|
In this group, mean systemc arterial pressure was 65%, renal blood flow was

~ 128%, renal resistance was 47%, 'glomemlar filtration Tate was 29% and urine
flow was 1178 of control values at the termination of the dopamine infusion.
Tairty minutes following texfmination of the dopamine infusion, mean systemic -
arterial pressure was 59%, renal blood flow was 69%, renal resistance was 76%,
glomerular filtration rate 19% and urine flow was 44% of control values.
“hese findings show that dopamine significantly improves renal hemodynamics
in endotoxin shock only whexl; phenoxybenzamine is giveﬁ to block the constrictor

 acticn of dopamine and whenfdextran is administered for volume replacement

concomitantly with dopamine infusion.
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Endotoxin shock can be fatal to clinical subjects if it causes irreversible

darmzcge. Even after hemodynamic function has been improved, the patient may die
in renal failure. Dopamine (3,4-dihydroxyphenyletliylamine) appears to benefit
patients in various shock states (MacCannell et al., 1966). In hemorthagic
shock, for example, dopzmine improves heart (Carvalho et al., 1969) and kidney
(Gifford et ai., 1968) function. Studies from this laboratory, using dogs
shocked with endotoxin, have shown that dopamine increases vencus return
independent of a direct effect on the heart (Shanbour and Hinshaw, 13969a); ‘the
iiver being 2 primary site of its action. Dopamine produced a mafked release of
blcod both in the normal and shocked isc;lated liver preparations (Shanbour and
Hinshaw, 1969b). Moreover, McDonald et al. (1964) reported that dopamine

increases the renal plasma flow in normal subjects and patients in heart failure,

McNay et al. (1965) pointed out the unique ability of dopamine to produce
femoral artery constriction and, at the same time, renal vasodilation. Most
other agents previously reported to increase renal blood flow also increased
femoral blood flow (McNay and Goldberg, 1965). Because beta-adrenergic
blocking agents fail to interfere with its renal vasodilating properties
(QMcNay et al., .963), dopamine probably acts on an mdefiﬁed receptor in the
kidney (Veyer et al., 1967; Goldberg et al., 1968; Yeh et al., 1969). Such a
receptor has been suggested to exist (Eble, 1964) in the mesenteric vascular
bed of the dog. Dopamine increases urine flow but the increase is not
dependent upon systemic hemodynamic changes (Meyer et al., 1967).

Because of the previously described effects of dopamine, studies were
conducted to determine its action on renal hemodynamics in the endotoxin-

shocked animal.
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IODS _Forty adult mongrel dogs unselected 'by age or sex, wexghmg

7-15 kg, were anesthetized intravenously with sodium pentobarbital 30 mg/'kg o

Af ral artery was cannulated for measurements of systemic arterial pres-
~ sure; Statham pressure transducers monitored the pressures and they were
recorced on a Sanborn recorder. The left kidney was Vexposed through a |
retroperitoneal flank incision. The renal vein was cannulated and the blood
flow was collected in a reservoir pléced in a constant temperature water
bgth (40°C); Renal venous blood was then returned to a femoral vein via a
Sigramotor pup. The venal ‘artery anci all nerves su;iplying it were left
intact. Renal blood fiow was measured periodically with a stopwatch and
graduated cylinder. Glomerular filtration rate was measured by the 1125

jothalamate clearance method [(‘l;.‘f) (RPF)]. Renal plasma flow was calcu-

lated as (renal blood flow) (100-hi138tocr1t1 Renal resistance was cal-
culated as mean systemic arterial pressure dlnded by renal blood flow,

Hematocrit and pH determinations were made periodically throughmt the

Ik

] experiments In add1t1on, oxygen consmxptmn values were determined in the

A
endotoxin control group. Escherichia coli endotoxin was admimstered i.v.

at an LD8 0 level (1.5 mg/kg). Dopamine (California Biocherical Corporation)

was dissolved in 0.9% saline to a final concentration of limg/cc; it was
administered i.v. at a rate producing maximal increase in renal blood flow
(mean infusion rate, 38 ug/kg/min). Phenoxybenzamine (Dibenzyline) was
adninistered in a dose sufficient to block the vasoconstrictor action of
dopamine (1 mg/kg). Dextran (20 mg/kg) was given to increase circulating
blood volume. For control experiments, 0.9% saline was infused at the same
rate as the chpaxﬁine-saline combination. The preparation was stable for

30 minutes before any substance was administered. The moment of endotoxin

| |
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injection was always recorded as zero time, independent of pre-treatment.

Five mzin groups of experiments were performed (6 animals in each).
in Group A, endotoxin alone was given. Group B dogs received saline infu-
sion, beginning 20 minutes before and continued 120 minutes after endotoxin
administration. Ia Group C, animals were pre-treated with dopamine; infu-
sion of the compound started 20 minutes before endotoxin administration and
was continued for 120 minutes after endotoxin. In Group D, dopamine infu-
sion was not begun until a shock state (mean systemic arterial pressure less
than 80 mn Hz) was manifest (10-40 minutes after endotoxin injection).

Group E dogs were given a conbmatmn of agents after endotoxin shock became
apparent. At this time, phenoxybenzamine and dextran were administered and
a dopamire infusion was started and maintained for 140 minutes.

In. Groups A and B, values were recorded at zero time (endotoxin injec-
ticn) and again at 30, 60 and 120 minutes. In Groups C through E, however,
the response of the animal determined the course of the experiment. Control
values were always taken just before endotoxin administration, but the studies
extended anywhere fram 120 to 240 minutes thereafter. Post-endotoxin values
were recorded: (1) vwhen the animal reached a shock state; (2) when renal
blood flow was at its maximm; (3) at the end of treatment with the agents
used; and (4) on termination of the experiment.

Statistical analysis was performed according to the standard "t" test
for corparisons between means.

RESULTS. Table 1 presents mean values + standard errors of the mean
Zor the measured parameters in the f:ive main groups. Statistical compari-

sons between mean values are shown as p < 0.10, p < 0.05 and p < 0.01.
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Fowever, differences were not considered significant unless p < 0.0S.

Since the experiments were designed to approach the clinicai situation as
ciosely as possible, treatment was not started until a shock state was-
manifest. Therefore, grouping of values according to times was impossible
and the vaiues presented in Groups C, D and E are tho‘se after endctoxin, at
maximal renal blood flow, end of treatment and end of study.

Group A (Endotoxin alone): The mean. systemic arterial pressure, renal

lood fiow, glomerular filtration rate, urine flow and pH significantly

‘decreased. However, renal resistance, heart rate, and hematocrit remained
relatively stable. In additiom, ‘oxygen consuuqition values shbwed a decreasé
after endotoxin administration followed by a recovery towards control valixes.
A typical example of this group is shown in Figures 1 and 2.

Group B (saline infusion before and after endotoxin administration):
The animals in this group responded essentially the same as those in Group A.

Group C (dopamine infusion started 20 minutes before and maintained
for 120 minutes ziter endotoxin' administration): After gndotmcin injection,
significant decreases in mean systemic arterial pressure, renal blood flw, B

. glomerular filtration rate and pi were cbserved.. Renal blood flow contimued

to decline in these experiments. When maximal renal blood flow was achieved
following endotaxin administration and during dopamine infusion, there was
no significant change in mean systemic arterial pressure; however, there
was a significant increase in renal resistance. During the control period,

the heart rate accelerated markedly because dopamine was infused before

. zero tize (endotoxin administration). The urine flow rate markedly decreased

throughout the experiments. After the infusion was stopped, the pH increased

significantly.
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Gi'oup D (dopamire!infusion afier endotoxin administration): Mean

systemic arterial pressure, renal blood flow, glomerular filtration rate
and pH significantly dgcreased and hematocrit increased following encc toxin
administration and pric;)r to treatment. The urine flow showed a marked
decrease. However, sta:ltistical evaluation was not possible since three out
of six of the urine flc%ws were zero after endotoxin and before treatment.

When the maximal renal :blood flow was reached during the dopamine infusion,

- there was observed a pressor effect of the dopamine and the renal vesistance

showed a tendency to increase. Dopamine infusion elicited a significant
rise in glcmerular filtration rate, followed by a decrease. Urine flow
showed 2 tendency to increase with dopamine infusion. Heart rate acceler-
ated significantly, then slowed after termination of the infucion. As in
the Group C experiments, the pH tended to increase when the infusion was
stopped. The hematocrit decreased significantly between the end of infu-
sion zid termination of the experiment.

Croup E (phenoxybenzamine, dextran and dopamine infusion after endotax-

in administration): Between endotoxin administration and treatment, sig-

nificant decreases occurred in mean sy_stemic arterial pressure, renal blood

flow, glomerular filtration rate, urine flow, heart rate and pH, accompanied
by an increase in the Hematocrit. Thereaiter, mean systemic arterial pres-
sure remained fairly constant. Renal blood flow improved strikingly (to
above control values) until dopamine infusion was stopped, after which it
dropped once again. @thmtly, renal resistance fell until the infusion
was stopped; then it tended to rise. Glomerular filtration rate increased
with treatment and decreased afterward. Similarly, urine flow increased (to
above control levels) and then decreased. Dopamine did not prevent slighﬁ

decreases in the pH. A typical example of this group is shown in Figure 1
and 2. |
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1SCUSSION. Although dopamine significantly increases renal blood

flow in normal Jogs (McNay and Goldberg. 1965), when administered alone in
endotoxin shock, no significant benefits are apparent. Dopamine alone seems,
. &t best, to improve renal function enly temporarily, regardless of the

duration or rate of infusion. This is true whether the dopamine is admin-

isterad as pre- or post-treatment. The typical chronotropic sction of
depamire on the heart was observed. Since dopamine infusion never signifi-
cantly improved renal blood flow, the adrenergic blocking agent phenoxy-
benzzine (Dibgnzyline) was administered at o level just sufficient to block
&y vasoconstriction as tested by prior injections of epinephrine. Since
phenoxybenzamine would tend to lower an already low circulating blood
volure, dextran was administered for volume replacement. I‘)iere are con-
flicting reports in the literature concerning the effectiveness of phenoxy-
benzamine alane and in combination with dextran in endotoxin shock treat-
ment. Scme investigators have reported that pretreatment of endotoxin
shock with phenoxybenzamine increased survival rate in ;dogs and mice
(Lillehei and MacLean, 1958; Lillehei ot al., 1964; Gourzis et al.,

. Others have reported opposite results (Weil an.d Anen, 1964; Masucci and

Hinshaw, 1964). Szmilar conflicting results ave reported for post-treament

with phenoxybenzamine (Vick, 1964; Weil and Allen, 1964, Weil and Miller,

1961; Nickerson and Carter, 1959). Pre- and post-treatment with a combina-

tion of phenoxybenzamine and dextran has been reported to not mitigate the
Dextran is reported
1955) but not in

lethal effects of endotoxin (Masucci et al., 1966).

to increase survival rate in hemorrhagic (Pirani et al.,

tourniquet shock (Serkes et al., 1959). Dopamine is unique in that its
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vasodilating action is not blocked by beta-adrenergic blocking agents

(McXNay et al., 1963) and it (diffeientially) constricts the femoral bed
while dilating the renai bed and, therefore, prcbably acts directly on the
kidney (McNay et al., 1985). though this effect is easily seen in
normal animals, we were never able to increase the renal blood flow to
cantrol levels in the shocked animal. It is therefore of interest that
post-treatrent of endotoxin shock with phenoxybenzamine, dextran and

dopamine increased renal blood flow and urine flow to above control values.

These recovery values, along with the observation that the renal oxygen
consurpiion values decrease following endotorin administration but then
show recovery towards control values, suggest that endotoxin does not have
a direct toxic effect on the kidney. The multiple-treatment decreased
the lematocrit rise due to endotoxin injection. This is consistent with
the finding that pre-treatment with phenoxybenzamine produces camparable
hLematocrit results (Lillehei and Maclean, 1959). Tae mu:}ltiple treatment
¢id not correct the acidosis due to endotoxin injection. j“l‘he agents admin-
istered aione or in all possible corbinations of “wo did:xgot produce the
saiutary effects of the ti'iple catbination. This is cons!istent with the
abgve mentioned findings.

Although dopamine itself does not significantly improve renal hemo-
éynamics and function in dogs in endotoxin shock, an effective therapy

would appear to be a cambination >f dopamine, phenaoxybenzamine and dextran.
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Figure 1.

Figure 2.

LEGINDS FOR FIGURES

Mean systemic arterial pressure, renal blood flow and renal
resistance in typical cantrol and multiple-treatment experiments,
The dotted line represents endotoxin alone; the solid line represents
cadotoxin followed by triple treatment.
Glamerular filtration rate and urine flow in typical cantrol and

tiple-treatment experiments, The dotted line represents endotoxin
alone; the solid line represents endotoxin followed by triple

treatment.
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The effects of dopamine were evaluated on the renal hemodvnamics of dogs 1In
endotoxin shock. In control animals receiving endotoxin onlv, mean svstemic
arterial pressure decreased to 607, renal blood flow decreased to 517, renal
resistance increased to 1167, glomerular filtration rate decreased to 97 and urine
flow decreased to 187 of control values. Pre- and post~treatment of shocked animals
with dopamine showed no significant improvements in any of the measured parameters.
Pogt-treatment with a comhination of phenoxvtenzamine (1 mg/kg), dextran (20 cc/kg)
and dopamine (mean infusion rate of 38 ug/kp/min) significantly changed the measured
parameters in endotoxin injected animals. In this group, mean systemic arterial
pressure was 65%, renal blood flow was 128%, renal resistance was 477, glomerular
filtration rate was 29% and urine flow was 1177 of control values at the termination
of the dopamine infusion. Thirtv minutes following termination of the dopamire
infusion, mean systemic arterial pressure was 5°%, renal hlood flow was €97, renal
resistance was 76%, glomerular.filtration rate was 197 and urine flow was 447 of
control values. These findings show that dopamine significantly improves renal
hemodvnamics in endotoxin shock onlv when phenoxvbenzamine is given to block the
constrictor action of dopamine and when dextran is administered for volume replace-
ment concomitantly with dopamine infusion.
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