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ethylene catheter was placed in the right lumbo-adrenal vein, following the
procedure described by Satake.$ A polyethylene catheter was placed in the
right lumbo-adrenal vein and a polyethylene choker was placed around the
vein proximal to the gland in such a fashion as to make possible the intermit-
tent collection of adrenal venous effluent.

Another catheter was passed into the left femoral artery and connected
to a mercury manometer for blood pressure recordings. This same catheter
was also used for removing blood. Blood from the right adrenal vein was
collected in 15 ml graduated tubes containing one drop of heparin. Peripheral
blood samples were collected from the left femoral artery and vein. The left
adrenal glands of three dogs (numbers 11, 12, and 13) were removed, and
right adrenal vein blood was withdrawn continuously so that no adrenal vein
blood passed through the body. Blood samples were kept under refrigeration
until centrifuged. The collected plasma was removed and stored at -20 C, and
thawed out immediately before the catechol amine determination.

Two control samples, to check the resting secretion of catechol amines,
were drawn from the adrenal vein and peripheral artery of each animal. The
dogs were then bled in amounts varying from 200 ml to 6oo ml, during a pe-
riod of 15 to 65 minutes. The total blood volume of a dog is equal to 9.72 per
cent of its total body weight, according to Meck and Gasser. ¢ Blood pressures
were recorded and samples of adrenal vein and peripheral artery blood were
collected at regular intervals for catechol amine determination. When catechol
amine output reached what was considered to be peak levels, isotonic saline
was given to dogs 1 and 2; blood to dogs 6 and 8; and 6 per cent dextran
solution to dogs 9 and 10, in amounts somewhat greater than the volume of
withdrawn blood. These solutions were infused intravenously over a period
of five to 15 minutes and blood samples were continuously collected.

Determinations of E and NE in blood plasma were made according to
the method developed by Weil-Malherbe and Bone, 7”8 as modified by
Aranow 9 and Goldfein et al. 10 The results are expressed in micrograms per
minute of E and NE output for adrenal vein plasma, and micrograms per liter
for peripheral plasma.

Results

In general, blood pressure promptly fell during bleeding, from normal
values (between 110 and 145) to 25 to 55 mm Hg. The initial fall in blood
pressure was, however, soon followed by some recovery in most cases, and
decreased again for a period of several hours, until therapeutic agents were
infused. A fall in blood pressure always resulted in an increase of catechol
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amine secretion from the adrenal gland (Table 1). Dogs bled rapidly develo-
ped a peak level of catechol amine secretion more quickly than the dogs bled
more slowly. In dogs 1, 2, 6, and 8, two or three peaks of epinephrine secre-
tion were observed at approximately 30, 75, and 120 minutes. Dogs 6 and 8,
bled again at the end of the experiment, after the originally withdrawn blood
had been replaced, showed a similar rise in adrenal vein catechol amine output,
but the elevation observed at this time was not as great as it had been initially
(Figure 1).

There was a relatively close correlation between the magnitude of the
bleeding and the augmentation ratio (A. R.)* of catechol amine output in adre-
nal vein blood. Bleeding of one-tenth of the total blood volume gave an A.R.
for NE and E of 41.4 and 11.6, respectively; bleeding of one-fourth of total
blood volume gave values of 15 and 54, respectively; and bleeding of one-third
of total blood volume gave values of 6 and 93, respectively (Table 2, Figure 2).
This means that extreme bleeding increases the A.R. of epinephrine more than
norepinephrine.

The concentration of NE and E in the adrenal vein blood exhibited con-
siderable variations during the experiment. In calculating the augmentation
ratios it was found that epinephrine output exceeds norepinephrine output
in large hemorrhages, whereas the reverse is true in small hemorrhages. The
time factor must also be considered: following bleeding there occurs a prompt
increase and then a relatively rapid decrease in epinephrine secretion, while
norepinephrine during the same period, increased and decreased more slowly.
Thus, E /NE ratio shows considerable variation during the experiment (Table 3).

There was a significant reduction in the adrenal vein blood flow follow-
ing bleeding but the adrenal vein catechol amine output did not seem to be
influenced to any great extent by the reduction in blood flow through the gland
(Table 1).

In all cases peripheral NE and E levels increased, the former somewhat
less than the latter, except in dogs 2 and 9, in arterial blood, when the output of
catechol amines from the adrenal vein reached its peak. The arterial blood epin-
ephrine level was much higher than that of venous blood, but the norepineph-
rine levels did not show a significant arterial-venous difference (Figure 3).

In three dogs with unilateral adrenalectomy, the adrenal glands released
large amounts of catechol amines, but peripheral E and NE levels did not
change.

* The augmentation ratio is the ratio of basic catechol amine level to highest level af-
ter bleeding. It is obtained by dividing the highest level by the initial basic level (highese lec-
vel /basic level=A.R.).
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was some improvement in blood pressure and a drop in catechol amine out-
put, but it was not comparable to the results observed with blood or dextran
infusion. The blood pressure again decreased and the catechol amine output
became elevated once more.

Two dogs bled again at the end of the experiment showed a rise in adrenal
vein catechol amine output but the elevation observed now was not nearly
as much as that seen initially. The relatively poor response of the adrenal gland
to another bleeding following so closely upon previous bleedings might be
caused by the depletion of catechol amine stores.

In most dogs, arterial epinephrine and norepinephrine levels increased fol-
lowing bleeding. Generally, arterial plasma epinephrine levels exceed those of
norepinephrine, whereas normally the reverse is true, when adrenal vein epine-
phrine output reaches its peak.

Arterial and venous blood specimens were obtained after bleeding. The
arterial blood E level was much higher than that of venous blood, but the
norepinephrine levels did not show a significant difference. This may be due to
the fact that E is mainly produced by the adrenal medulla, whereas NE is
produced by both the adrenal medulla and sympathetic nerve endings. Both
E and NE are destroyed rapidly in the liver and other tissues. Therefore arterial
blood might show higher epinephrine levels since there would be less chance
for its destruction in the tissues.

In three dogs with unilateral adrenalectomy, the right adrenal vein blood
was collected continuously, so that no adrenal vein blood passed through the
body. In these circumstances, the adrenal glands released large amounts
of catechol amines, but peripheral E and NE levels did not change. In other
words, a good response to bleeding by the gland occurred, but there was a
relatively poor response by the peripheral nerve ends. It appears that the
existence of adrenal gland secretion itself is necessary to increase peripheral
catechol amine secretion in these dogs.

The greatly increased catechol amine secretion by the adrenal glands
following hemorrhage may possibly influence the blood levels of glucose,
lactate, and pyruvate, all of which Waud found to be elevated.
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