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TABLE I. Comparison of Effects of 3 Different Carbonic Anhydrase Inhibitors on Urine Elee-
trolytes of the Dog and the Alligator.

- Dog -~ Alligator
Compound Na Cl K CO, H Na C1 K Co, H
Chlorothiazide +4+ ++ + + — 0 +¢ 0 —¢ 41
Dichlorphenamide ++ + + + —_ 0o +++ ++ — +
Acctazoleamide +-+ 0¢ +4+ +4+ — +? +++ + — +

Direction of the change is indicated as follows: -+-+-, great increase; +, increase; ——,
great decrease; —, decrease; 0, little or no change.

amide after 30 days of injections was noted
nor was there any sign that the decreased
plasma Cl prevented the excretion of Cl. The
degree of K loss was not directly correlated
with hydrogen ion excretion. Two new car-
bonic anhydrase inhibitors, chlorothiazide and
dichlorphenamide were tested. Dichlorphen-
amide was more active in promoting K and
Cl loss at low dose levels than acetazoleamide.
Chlorothiazide showed no significant activity.
Since the effects noted after the inhibition of
carbonic anhydrase by acetazoleamide and di-
chlorphenamide are not the same, it is proba-
ble that something more than simple inhibi-
tion is involved.

The authors wish to thank Lederle Laboratories
Division, American Cyanamid Co. for generous sup-
ply of Diamox and Merck Sharp and Dohme, for a
supply of Diuril and dichlorphenamide.
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Blood Epinephrine Levels and Automatic Reinfusion of Blood During

Hemorrhagic Shock in Dogs.*
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Vasoconstriction is a prominent feature of
the early stages of hemorrhagic shock in dogs.
Most authorities agree that this is initially a
protective mechanism mediated through the
carotid sinus to maintain a blood supply to
vital organs. However, if this vasoconstric-
tion is of adequate severity and duration it is
possible for the ischemia to produce irreversi-
ble tissue damage(1). This concept is sup-

* This investigation was supported in part by re-
search grants from Life Insurance Medical Research
Fund and National Heart Inst., Bethesda, Md.

ported by the fact that several investigators
have produced shock by the intravenous infu-
sion of epinephrine(2), and that adrenergic
blocking agents protect dogs against hemor-
rhagic shock (3). Various procedures for pro-
ducing hemorrhagic shock in dogs have been
standardized by Wiggers(4) and other investi-
gators. When dogs are bled to a mean ar-
terial pressure in the range of 40-60 mm Hg
by means of an arterial pressure compensator
(5) spontaneous reinfusion will commence in
about one hour and continue until the animal
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succumbs. Glasser and Page(6) associated
this reinfusion with irreversibility in hemor-
rhagic shock. Beck and Dontas(7) have
shown by direct nerve potential measurements
that svmpathetic activity was greatly elevated
during the initial stages of hemorrhagic hypo-
tension and then decreased as automatic re-
infusion progressed. Watts(8) has recently
shown that high concentrations of epinephrine
appear in the peripheral blood of dogs during
acute hemorrhagic hypotension and there was
evidence that this epinephrine level decreased
in some animals after about one hour. The
automatic reinfusion of blood at a constant
arterial pressure is probably due to an in-
creased vascular space resulting from de-
creased vasomotor tone. This could be due
to failure of the sympathetic vasoconstrictor
mechanism. decreasze in the concentration of
humoral vasoconstrictor substances. or dam-
age to vascular muscle cells. Tn the present
experiments. peripheral blood epinephrine lev-
els have been followed in dogs during the
initial stages of hemorrhagic shock and during
the automatic reinfusion at a mean arterial
pressure of 40 mm Hg to determine whether
or not this vasoconstrictor material was dis-
appearing from the blood during the stage of
reinfusion.

Methods. Twelve healthy mongrel dogs
with an average weight of 11.6 kg (8.4-15.0)
were anesthetized with 30 mg kg sodium pen-
tobarbital injected intraperitoneally 30 min-
utes before hemorrhage. This amount of
pentobarbital was usually sufficient to main-
tain anesthesia. but small supplementary
doses were used as needed to keep the animal
quiet. A polyethylene catheter (0.070 in. in-
ternal diameter) was passed through a fe-
moral artery as far as the aorta. Heparin (3
mg/kg) was given intravenously to prevent
clotting of blood during hemorrhage and col-
lection of samples. Control blood samples
were drawn and the dog was allowed to hem-
orrhage into a polyethylene reservoir. Level
of blood in the reservoir was maintained at
40 mm Hg until death of the dog. The blood
was agitated with a magnetic stirrer driving
a small plug covered with polyethylene. The
use of non-wettable polyethylene catheters

Broon EpiNeEPHRINE LEVELS DURING SHOCK

eooL

H

§ a00

¢ |
u
< 200]
z
g
3
T 0
% o}

h
2
@
& s
H
o

° [} " 5‘0 ’ I0,0 * I;O
TIME - MIN.

FIG. 1. Hemorrhage vol and blood epinephrine
levels in 10,6 kg male dog while mean arterial
hlood pressure was held at 40 mm Hg. Blood
samples were drawn from the femoral artery and

epinephrine values are given as the base.

and containers minimized hemolysis. Tem-
perature of the blood was maintained at 38°
. Epincphrine levels in arterial blood were
determined at 6 to 30 minute intervals begin-
ning with control samples taken before hemor-
rhage. With minor modifications the method
of Gaddum and Lembeck(9), employing the
rat uterus was used for the bioassay for epi-
nephrine. Modified Ringer solution was used
as the perfusion fluid. Carbachol (1 mg/1)
was used to stimulate the uterus. Lysergic
acid diethylamide (5 ug/l) was added to the
wash solution to prevent stimulation of the
uterus by serotonin in the blood samples(10).
Two to 3 ml blood samples were drawn from
the femoral artery into iced polyethylene
tubes and assayed within 30 seconds since
extensive experience with the method has
shown that epinephrine disappears very rap-
idly from shed blood. Under these conditions
from 93 to 999% of epinephrine added to
blood samples can be recovered. Hemor-
rhage volume, respiration, and heart rate were
recorded at the time each blood sample was
obtained. Tests for significance were made
by Fisher’s(11) method for small samples
using the “t” test to determine probability.

Results. Fig. 1 is a typical experiment
showing hemorrhage volume and blood epi-
nephrine levels during hemorrhagic hypoten-
sion at 40 mm Hg with automatic reinfusion
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TABLE 1. Epinephrine Levels in Peripheral Arterial Blood of Dogs during Hemorrhagic Hypo-
tension at 40 mm Hg with Automatic Reinfusion.

———— Epinephrine—g/1, as the base ———— Hemorrhage vol—ml/kg

Early Late
Max reinfusion reinfusion
Control hemorrhage (first 10%) (10% to death) Max At death
9 17.3 9.5 5.8 51.2 31.0
o * 4.0 6.7 8.8 45.0 0
3.4 7.7 6.0 4.1 54.8 43.3
0 5.2 8.7 5.1 32.3 101
0 9.3 5.9 4.9 46.7 26.0
0 14.2 6.4 1.2 40.5 24.8
2.9 9.7 53 3.4 40.6 24.5
0 10.8 4.9 4.5 70.6 44.1
0 7.5 6.8 6.1 34.7 26.0
0 4.9 3.8 2.5 50.4
0 21.0 6.5 4.3 45.5
0 38.0 22.2 11.6 48.1
Mean +S.E. .6+.33 125+275 7.7+ 139 5.2 + .80 46.7 + 2.72 25,5 + 4.7

* 0 indicates epinephrine content of blood was less than sensitivity of the method whieh is

about 1 ug/liter,

in a 10.6 kg male dog. Automatic reinfusion
began 90 minutes after the start of hemor-
rhage and continued until the animal died at
178 minutes. The blood epinephrine levels
paralleled the hemorrhage volume. The maxi-
mum epinephrine concentration was found
soon after hemorrhage was started and re-
mained at this elevated level until about the
time automatic reinfusion began. As the re-
infusion continued the epinephrine level de-
creased and was near the minimum level ob-
served at the time of death.

Table I summarizes the data from similar
experiments on 12 dogs. Since the time to
reach maximum hemorrhage, for automatic
reinfusion, and for death, was quite variable,
the blood epinephrine levels are given for the
control period, the time to reach maximum
hemorrhage and for periods of early and late
reinfusion. Early reinfusion was arbitrarily
taken as the time required for reinfusion of
10% of the hemorrhaged blood; late reinfu-
sion as the time from the point of 10% rein-
fusion until death. The average maximum
hemorrhage of 46.7 ml/kg was reached in 89
minutes (range, 60-135). Automatic reinfu-
sion commenced at this point and 10% of the
maximum hemorrhaged volume had returned
to the circulation at the end of 127 minutes
(range, 90-210). The reinfusion continued
and the animals died after an average elapsed
time of 232 minutes (range, 140-395) when

average hemorrhage volume was 25.5 ml/kg.

Epinephrine concentration in the peripheral
blood increased from a control level of less
than one pg/1, the minimal concentration of
epinephrine that could be detected with the
rat uteri used, to a level of 12.5 = 2.7 ug/1
during the period of maximum hemorrhage.
This is a significant increase. This epineph-
rine concentration reached a peak at approxi-
mately the same time as the hemorrhage vol-
ume. The blood epinephrine level then de-
creased during the period of early reinfusion
to an average of 7.7° ug/l, and further de-
creased to an average of 5.2 pg/l, during late
reinfusion. These epinephrine concentrations
during both the early and late stages of auto-
matic reinfusion are significantly less than
the level during the period of maximum hem-
orrhage. The heart and respiratory rates
were elevated above control values throughout
the period of hemorrhage except for a short
interval when death was imminent and both
rates dropped precipitously. Respiratory ex-
change was good in all animals except for the
last few minutes before death.

Discussion. These experiments have shown
that epinephrine concentration in the circulat-
ing blood is significantly higher during hemor-
rhagic hypotension than under normal condi-
tions. The method of bioassay used was not
sufficiently sensitive to detect routinely epi-
nephrine in the control blood samples. Thus
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epinephrine levels in normal blood could only
be determined to be less than the minimum
sensitivity of the method. i.c., less than about
one pg 1. This observation accords with the
results of Holzbauer and Vogt(12) showing
that in a highly purified extract that the plas-
ma epinephrine concentration in a dog under
normal conditions was between 0.04 and 0.25
pg 1. The rise in the epinephrine content of
the blood during hemorrhage and the mainte-
nance of this high concentration indicate that
epinephrine release may not only be one of
the compensatory mechanisms effective in
shock, but may even be the principal one.
The average peak of 12.5 ug 1. of epinephrine
represents at least a 10-fold increase over
normal physiological levels and could account
for the intense vasoconstriction. decreased pe-
ripheral blood flow in many tissues, and car-
diac effects which are typical of hemorrhagic
shock in dogs(4).

The impending failure of the cardiovascu-
lar system as indicated by the automatic re-
infusion of blood was accompanied by a low-
ering of the epinephrine content of the periph-
eral blood. The decrease in blood epineph-
rine between peak hemorrhage and death is
statistically significant. but it should be indi-
cated that throughout the period of hemor-
rhage and at the time of death. blood epineph-
rine levels are well above the control level.
Although the physiological significance of the
maximum blood epinephrine levels observed
in these experiments has not yet been estab-
lished, it is very likely that this circulating
epinephrine does contribute to the intense
vasoconstriction and tissue ischemia charac-
teristic of the earlier stages of hemorrhagic
shock. Since the concentrations observed
throughout the period of hypotension are well
in excess of normal physiological levels, it
appears that the administration of additional
epinephrine would not be beneficial, whereas
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adrenergic blocking agents could be expected
to alleviate some of the suspected deleterious
effects of this excess circulating epinephrine.

Summary. The epinephrine content of pe-
ripheral blood of 12 dogs was determined dur-
ing hemorrhagic hypotension with automatic
reinfusion of blood at 40 mm/Hg. The epi-
nephrine content increased from a control
value of less than one pg/1 to a maximum of
12.5 ug 1 which occurred during the period of
maximum hemorrhage. This epinephrine level
decreased during automatic reinfusion of the
blood at 40 mm Hg and reached a level of
5.2 ug.1 during the later period of the reinfu-
sion before the dogs died. It is possible that
this increased concentration of epinephrine in
the circulation is at least partially responsible
for the intense vasoconstriction, decreased pe-
ripheral blood flow in certain tissues, and
detrimental tissue ischemia, typical of hemor-
rhagic shock in dogs.
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